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CROSS REFERENCE TO RELATED APPLICATIONS 

This application makes reference to and claims the benefits under 35 U S C. § 1 20. of copending U.S. 
Ser. Nos.08\6 15.902. filed March 14.1996. and 08\6 1 8.236. filed March 14. 1996, the entire disclosures of 
which are incorporated herein by reference. 

INTRODUCTION 

Technical Field 

The present invention relates to novel uses of Glial-cell Derived Neurotrophic Factor ("GDNF") and 
its receptor designated GDNFRa, and provides GDNFRa-encoding nucleic acid and amino acid sequences. 
In particular, the invention relates to native sequence GDNFRa, GDNFRa variants, soluble GDNFRo variants 
including GDNFRa extracellular domain, chimeric GDNFRa. and antibodies which bind to the GDNFRa 
(including agonist and neutralizing antibodies), as well as various uses for these molecules. It also relates to 
assay systems for detecting ligands to GDNFRa, systems for studying the physiological role of GDNF, 
diagnostic techniques for identifying GDNF-related conditions, methods for identifytng molecules homologous 
to GDNFRa, and therapeutic techniques for the treatment of GDNF-related and GDNFRa -related conditions, 
particularly kidney diseases. 
Background 

Diseases of the nervous system are usually devastating and often lead to death. Neurological diseases 
are often chronic, which imposes a great social and economic burden. For example, stroke is the third lead.ng 
cause of death in the United States, after heart disease and cancer. Neurotrophic factors, which are naturally- 
occurring proteins, such as insulin-like growth factors, nerve growth factor, brain-derived neurotrophic factor. 
neurotrophin-3, -4/5 and -6, ciliary neurotrophic factor. GDNF. and recently neurturin. have been proposed 
as potential means for enhancing specific neuronal cell survival to treat neurological diseases such as 
amyotrophic lateral sclerosis, Alzheimer's disease, stroke, epilepsy, Huntington's disease, Parkinson's disease, 
and peripheral neuropathy. Neurotrophic factors, or neurotrophic, which influence growth and development- 
of the vertebrate nervous system, are believed to play an important role in promoting the differentiation 
survival, and function of diverse groups of neurons in the brain and periphery. Neurotrophic factors are 
beueved to have important signaling functions in neural tissues, based in par, upon the precedent established 
w,th nerve growth factor (NOP). NGF supports the surv.val of sympathetic, sensory, and basal forebrain 
neurons both ,„ vl ,ro and in v/vo. Administration of exogenous NGF rescues neurons from cell death during 
development. Conversely, removal or sequestration of endogenous NGF by administration of anti-NGF 
ant,bod.es promotes such cell death (Heumann,y.£xp . B.ol., 132:133-150(1987); Hefti.7. Neurosci.. 6:2155- 
2162 (1986); Thoenen et al, Annu. Rev Physiol., 60:284-335 (1980)). 

Additional neurotrophic factors related to NGF have since been identified. These include brain- 
denved neurotrophic factor (BDNF) (Leibrock, Nature. 34. ,49-152 (1989)), neurotrophin-3 (NT-3) 
(Katsho. et al., FEBS Leu.. 266:187 (.990); Ma.sonpierre, etal. Science. 247: 1446 (1990); Rosenthal, et al 
Neuron. 4:767 (1990)). and neurotrophin 4/5 (NT-4/5) (Berlcmeier, eta/.. Neuron. 7:857-866(1991)) GDNF 
a distant member of the TGF- P super family, and neurturin ("NTN") are two, recently .dentified. structural.v 
related, potent survival factors for sympathetic sensory and central nervous system neurons (Lin et al Science 
260:1130-1132(1993); Henderson etal. Science 266: 1062-.064 (.994); Buj-Bello eta/.. Neuron .5 82 1-8-8 
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(1995); Kotzbauere/a/ Nature 384:467-470 (1996)). GDNF has beSonsidered a potential therapeut.c 
agent for Parkinson's disease, ALS, and Alzheimer's disease. The mechanism by which GDNF and NTN 
signals are transmitted has not been elucidated. 

Neurotrophins, like NGF, affect their target cells through interactions with cell surface receptors. 
According to our current understanding, two kinds of transmembrane glycoproteins act as receptors for the 
known neurotrophins. Equilibrium binding studies have shown that neurotrophin-responsive neuronal cells 
possess a common low molecular weight (65.000 - 80,000 Daltons), a low affinity receptor typically referred 
to as P 75 LNGFR or p75. and a high molecular weight ( 1 30,000- 1 50,000 Dalton) receptor. The high affinity 
receptors (trkA. trkB and trkC) are members of the trk family of receptor tyrosine kinases. 

Receptor tyrosine kinases are known to serve as receptors for a variety of protein factors that promote 
cellular proliferation, differentiation, and survival. In addition to the trk receptors, examples of other receptor 
tyrosine kinases include the receptors for epidermal growth factor (EGF), fibroblast growth factor (FGF). and 
platelet-derived growth factor (PDGF). Typically., these receptors span the cell membrane, with one portion 
of the receptor being intracellular and in contact with the cytoplasm, and another portion of the receptor being 
extracellular. Binding of a ligand to the extracellular portion of the receptor induces tyrosine kinase activity 
in the intracellular portion of the receptor, with ensuing phosphorylation of various intracellular proteins 
involved in cellular signaling pathways. 

Aberrant expression of receptor tyrosine kinases ("RTK") correlates with transforming ability. For 
example, carcinomas of the liver, lung, breast and colon show elevated expression of Eph RTK. Unlike many 
other tyrosine kinases, this elevated expression can occur in the absence of gene amplification or 
rearrangement. Moreover. Hek, a human RTK, has been identified as a leukemia-specific marker present on 
the surface of a pre-B cell leukemia cell line. As with Eph, Hek also was overexpressed in the absence of gene 
amplification or rearrangements in, for example, hemopoietic tumors and lymphoid tumor cell lines. 
Over-expression of Myk-I (a murine homolog of human Htk (Bennett et ai. J. Biol. Chen,., 269(I9):I421 1-8 
(1994)) was found in the undifferentiated and invasive mammary tumors of transgenic mice expressing the 
Ha-ras oncogene. (Andres etal. Oncogene. 9(5):l46I-7 (1994) and Andres el al.. Oncogene. 9(8):2431 
( 1 994)). Ret, the product of the c-ret proto-oncogene, is a member of the receptor tyrosine kinase superfamily. 

In addition to their roles in carcinogenesis, a number of transmembrane tyrosine kinases have been 
reported to play key roles during development. Some receptor tyrosine kinases are developmental ly regulated 
and predominantly expressed in embryonic tissues. Examples include Cekl, which belongs to the FGF 
subclass, and the Cek4 and Cek5 tyrosine kinases (Pasquale et ai. Proc. Natl. Acad. ScL USA. 86:5449-5453 
(1989); Sajjadi etal, Afewfl/o/ , 3(8):769-78 (1991); and Pasquate, Cell Regulation. 2:523-534(1991)). Eph 
family members are expressed in many different adult tissues, with several family members expressed in the 
nervous system or specifically in neurons (Maisonpierre et ai. Oncogene, 8:3277-3288 (1993); Lai et ai. 
35 Neuron, 6:691-704 (1991)). 

The aberrant expression or uncontrolled regulation of any one of these receptor tyrosine kinases can 
result in different malignancies and pathological disorders. Therefore, there exists a need to identify means 
to regulate, control and manipulate receptor tyrosine kinases ("RTK") and their associated ligands or GPI- 
linked receptors, in order to provide new and addUional means for the diagnosis and therapy of receptor . 
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tyrosine kinase pathway^TOted disorders and cellular processes. The preserKpplication provides the clinician 
and researcher with such means by providing a novel neurotrophin-binding molecule that is also specific for 
interacting with a particular RTK receptor. New disease conditions are identified that are associated with this 
molecule and its neurotrophin ligand. These compounds and their methods of use, as provided herein, allow 
5 new and exquisite therapeutic control and specificity. Accordingly, it is an object of the present invention to 
provide an improved therapy for the prevention and/or treatment of neurological conditions and other 
conditions in which neurotrophic signaling pathways related to this novel receptor and its ligand play a role. 

These and other objects of the invention will be apparent to the ordinarily skilled artisan upon 
consideration of the specification as a whole. 
J 0 SUMMARY 

The present invention is based, in part on the present discovery that GDNF-deficient mice completely 
lack kidneys and enteric nervous system and display a partial loss of dorsal root ganglia (<23%) and 
sympathetic (<35%) and nodose sensory ganglia (<40%) neurons. GDNF-heterozygotes display severe end 
stage renal disease at an early age. Thus GDNF plays an essential role in the development or survival of the 
metanephric kidney and enteric neurons. Accordingly, provided are methods of treatment of these and related 
diseases using GDNF and GDNF-like compounds, optionally in complex or combination with GDNF receptor. 

Provided herein are a novel GDNF receptor termed GDNFRa, soluble forms of the receptor, and a 
GDNFRa extracellular domain ("ECD"). Also disclosed are GDNFRa polypeptides, optionally conjugated 
with or fused to molecules which increase the serum half- lives thereof, and optionally formulated as 
20 pharmaceutical compositions with a physiologically acceptable carrier. 

Soluble GDNFRa that retains both ligand binding, preferably GDNF binding, and receptor signaling 
function (via Ret receptor tyrosine kinase) can be used to impart, restore, or enhance GDNFRa-ligand 
(preferably GDNF) responsiveness to cells. This responsiveness includes ligand-binding. Ret tyrosine 
phosphorylation and Ret-mediated downstream activity, which can result in modulation of cell activity such 
25 as survival or growth. The embodiments find use in vivo, in vitro or ex vh>o. The compounds of the invention, 
find use in treating conditions known to be associated with GDNF as well as the newly identified conditions 
disclosed herein. GDNFRa ECD that binds GDNF, but does not mediate a GDNF signal, can be used as an 
antagonist to sequester GDNF ligand to reduce activation of endogenous GDNFRa. This is useful in 
conditions characterized by excess levels of GDNF ligand and/or excess GDNFRa activation in a mammal. 

Pharmaceutical compositions of soluble GDNFRa, preferably ECD, further include an GDNFRa 
ligand, preferably GDNF. Such compositions, comprising a ligand/GDNFRa complex, are useful where it is 
desirable to prolong the half-life of the ligand. provide slow, sustained release of ligand, impart GDNFRa- 
ligand responsiveness to a target cell, and/or activate or enhance endogenous cellular GDNFRa or Ret activiry 
directly. Optionally, the composition further contains one or more cytokines, neurotrophic factors, or their 
35 agonist antibodies. 

Chimeric GDNFRa molecules such as GDNFRa immunoadhesins (having long serum half-lives) and 
epitope-tagged GDNFRa are disclosed. These find particular use as soluble forms of GDNFRa, particularly 
in complexes to deliver GDNF or impart GDNF-responsiveness to cells. Bispecific immunoadhesins (for 
example, combining a GDNFRa-ligand binding activiry with a ligand-binding domain of another cytokine or 
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neurotrophic factor r^tor) can form high affinity binding complexeJRiDNFRa-ligands in combination 
with other factors or for targeted delivery. 

Also provided are methods for identifying a molecule which binds to and/or activates GDNFRa . Thus 
assays are provided to screen for or identify GDNFRa-ligand molecules (such as peptides, antibodies, and 
5 small molecules) that are agonists or antagonists of GDNFRa. Such methods generally involve exposing an 
immobilized GDNFRa to a molecule suspected of binding thereto and determining binding of the molecule 
to the immobilized GDNFRa and/or evaluating whether or no, the molecule activates (or blocks actuation of) 
the GDNFRa. In order to identify such GDNF ligands, the GDNFRa can be expressed on the surface of a cell 
and used to screen libraries of synthetic candidate compounds or naturally-occurring compounds (e*. from 
10 endogenous sources such as serum or cells). GDNFRa can also be used as a diagnostic tool for measunng 
serum levels of endogenous or exogenous GDNFRa-ligand. 

In a farther embodiment, a method for purifying an GDNFRa-ligand .s provided. This finds use in 
commercial production and purification of therapeutically active molecules that bind to this receptor. In one 
embodiment the molecule of interest (generally in a composition comprising one or more contaminants) is 
15 adsorbed to immobilized GDNFRa (e.g.. GDNFRa immunoadhesin immobilized on a protein A resin). The 
contaminants, by virtue of their inability to bind to the GDNFRa. will generally no, bind the resin 
Accordingly, it is then possible ,o recover the molecule of interest from the resin by changing the elut.on 
conditions, such that the ligand molecule is released from the immobilized receptor. 

Antibodies are provided that specifically bind to GDNFRa. Preferred antibodies are monoclonal 
antibodies that are non-immunogenic in a human and bind to an epitope in the extracellular domain of the 
receptor. Preferred antibodies bind the GDNFRa with an affinity of at least about 1 0<> L/mole, more preferably 
10 L/mole. Preferred antibodies are agonist antibodies. 

Antibodies, which bind to GDNFRa, can be optionally fused to a heterologous polypeptide. The 
antibody or fusion finds particular use to isolate and purify GDNFRa from a source of the receptor 
25 In a further aspect is provided a method for detecting GDNFRa in vitro or in v,vo which includes the 

steps of contacting an GDNFRa antibody with a sample suspected of containing the receptor, and detecting 
if binding has occurred. 

For certain applications it is desirable to have an agonist antibody. Such agonist antibodies are useful 
for activating GDNFRa as described for GDNFRa-ligands such as GDNF. Furthermore, these antibodies are 
useful to treat conditions in which an effective amount of GDNFRa activation leads to a therapeutic benefit 
in the mammal. For example, the agonist antibody can be used to elicit an GDNF response in a cell comprising 
GDNFRa and, preferably, Ret. For therapeutic applications it is desirable to prepare a composition having 
the agonist antibody and a physiologically acceptable carrier. Optionally, the composition further contains one 
or more cytokines, neurotrophic factors, or their agonist antibodies. 
35 In other embodiments, the antibody is a neutralizing antibody. Such molecules can be used ,o trea, 

conditions characterized by unwanted or excessive activation of GDNFRa. 

In addition to the above, the invention provides isolated nucleic acid molecules, expression vectors 
and host cells encoding GDNFRa, GDNF, or agonist thereof, which can be used in the recombinant production 
of GDNFRa. GDNF, or agonist thereof, as described herein. The isolated nucleic acid molecules and vectors 
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are also useful to prepa^Rnsgenic animals, for gene therapy applicatilR treat patients with defects in 
GDNFRot or GDNF, to increase responsiveness of cells to GDNFRot ligands, or alternatively to decrease 
GDNFR a or GDNF activity (as by use of antisense nucleic acid). 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figures I A- 1 E depict the nucleic acid sequence of the sense strand of the cDNA encoding full length 
GDNFRot and the deduced amino acid sequence of full length GDNFRoc. Nucleotides are numbered at the 
beginning of the sense strand. Amino acid residues are numbered at the beginning of the amino acid sequence. 

Figure 2 depicts the amino acid sequence of GDNFRot and its features. The signal peptide is 
underlined; the putative signal cleavage site is marked with an arrow; potential glycosylate sites are boxed; 
the hydrophobic domain element of the GPI attachment site is underlined with a double line; the three 
underlined amino acids (A-S-S) constitute the GPI-anchor cleavage/attachment site; the cysteines are displayed 
in boldface. The extracellular domain ("ECD") is flanked by the signal peptide and the GPI-attachment site. 

Figure 3 depicts PAGE results of cross-linking experiments. Depicted are cross-linking of 1 125 
GDNF to ceils expressing GDNFRot (lanes 1,2) or to control cells (lanes 3, 4) in the absence (lanes I. 3) or 
presence (lanes 2, 4) of excess unlabeled GDNF. Cross-linked proteins (-85 kD, -180 kD, -200 kD) which 
are displaceable by unlabeled GDNF are found, in GDNFRot expressing, but not in control cells. 

Figure 4 depicts binding of binding of I GDNF to GDNFRot expressing cells and displacement 
by unlabeled GDNF. The Scatchard representation (inset) reveals a Kd value of 63 P M determined by the 
IGOR program. 

Figure 5 depicts a fax-sort analysis of cells expressing GDNFRot following PIPLC treatment. Graphs 
are marked as to sample. "Control" represents cells express.ng a control cell surface protein. Dashed line 
("GDNF+PIPLC") represent cells expressing GDNFRot that were treated for Ih at 37°C with 2ug/ml PIPLC. 
Circles ("GDNF") represent cell expressing GDNFRot which were not treated with PIPLC. A shift to the right 
indicates binding to GDNF. Treatment of GDNFRot expressing cells with PIPLC leads to a reduct.on of over 
25 90% in the amount of GDNF binding. 

Figure 6 depicts the response of E6 chick nodose sensory neurons to GDNF before and after PIRLC 
treatment. Treatment with PIPLC reduces cell survival in the presence of GDNF by over 50%. In contrast 
PIPLC does not change the response to BDNF. E6 Chick nodose ganglia neurons were isolated, prepared 
plated and grown in triplicate wells as previously described (Buj-Bello et al. Neuron 15:821-828 (1995), 
PIPLC (4ug/ml) was added to the indicated samples 1 hour prior to as well as 12 and 24 hours following 
addition. GDNF ( 1 0 ng/ml or as indicated) and BDNF ( I ng/mi). 

Figure 7 depicts the response of E14 rat spinal motoneurons to GDNF before and after PIPLC 
treatment. Treatment with PIPLC reduces motoneurons survival in the presence of GDNF bv over 90% without 
effecti.,; the response to BDNF. Rat embryonic motoneurons were prepared, cultured, and counted as 
previously described (Bloch-Gallego e, at. Develops, « 1 1 :22 1-232 (1991); Camu et al. J. Neurosc, Mer>, 
44:59-70 (1992); Henderson e, al. Nature, 363:266-270 (.993)). Experiments were done in triplicate and the' 
number of motoneurons surviving per cm 2 afterculture for 50h is depicted. Motoneurons were treated with 
the indicated amount of PIPLC Ih before, with, and I5h following addition of GDNF (at the md.cated 
concentrations). CNTF (lOng/ml), Leukemia inhibitory factor (LIF) (10 ng/ml) or BDNF (lng/ml). 
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Figure 8 d^K the response of NGF-responsive standard pSEy neuron culture to GDNF before 
and after RPLC treatment. Treatment with PFPLC reduces neuron survival in the presence of GDNF bv over 
50% without effecting the response to NGF. 

Figures 9A, 9B, and 9C depic, GDNFRa-dependent GDNF-induced surviva, of specific neuronal 
5 populates. Figure 9A depicts surviva, response of embryonic chick nodose, trigeminal, sensory and 
sympathetic neurons, rat spinal motoneurons and rat dopaminergic neurons to GDNF or to other growth factors 
Stowing treatment with PIPLC. P.PLC reduces ce.. survival in the presence of GDNF or CNTF by 50-^ 
w.thout changing the response to BDNF, NGF or TGFp. Figure 9B depicts increased surviva. of P.PLC 
treated motoneurons in the presence of soluble GDNFRa ("sRa"), which restores the response of the P.PLC 
> treated motoneurons to GDNF. The trophic activity of GDNFRa a.one these experiments is thought to be due 
to the low levels of GDNF possibly associated with this prepare. Figure 9C depicts the neurite-outgrowth 
response of PC.2 cells ,o the combination of solub.e GDNFRa (sRa) and GDNF. So.ub.e GDNFRa .mparts 
GDNF-respons.veness to PC12 cells. The number of neurite bearing live cells per microscopic field ,s 
presented. 

Figures I OA, .08, .OC.and I0D depict involvement of Ret in the response to GDNF Figure .OA 
dep.cts GDNF-induced tyrosine autophosphory.ation of Ret depends on GDNFRa. Modest stimulation of Ret 
tyros™ phosphorylation was observed in Neuro-2a and SK-N-SH (SK) cell, that were not treated with PIPLC 
following exposure to GDNF alone (.eft 2 .anes). Phosphory.ation of Ret was further enhanced in the presence 
of so.ub.e GDNFRa r +sRa ", No stimulation of Ret phospnorylation was observcd plpLc ., reated ^ 
(+PIPLC) unless GDNF was added together with GDNFRa ("+P.PLC+ sRa). Figure . 0B depicts competit.on 
b-ndmg of 5, GDNF to ceNs expressing GDNFRa or Ret. GDNF does not bind Ret with a high affin.ty 
F.gure 10C depicts immunoprecipita.ion of a GDNF. GDNFRa and Re, complex, which was formed on the 
cel. surface. (Co) untransfected ce.., (Ret) ce.ls transfected with Ret a.one. (R« + Ret) ce..s transfected whh 
Ret and GDNFRa. ,n a., cases ce..s were exposed to GDNF (.OOng/ml) and then processed for 
.mmunoprecipitation with GDNF antisera. The presence of immune comp.exes between GDNF and Ret was 
*er, .determined on a Western blot with Ret antisera. GDNF/Ret complex was formed only in the presence of 
GDNFRa. F.gure .OD depicts immunopreopitation of a GDNFRa/Ret complex. Comp.ex formation is 
st.mu.ated by GDNF. (R«) - cells wjth a „ ep(tope ^ ^ ^ _ ^ 

transfected with Re, a.one. (Ra+Ret) - ce ..s transfected with Ret and an epitope tagged GDNFRa. FoHowing 
transfecnon, cel.s were either treated with GDNF (+) or .eft undated (-). and then processed for 
.mmunoprecipitation with Ret antisera. The presence of immune comp.exes between Ret and GDNFRa was 
then determined on a Western bio, with anti sera to the epitope tag of GDNFRa. Immune comp.exes between 
OUNFRa and Ret were formed in the presence of GDNF. 

DETAILED DESCRIPTION 
In describing ,he present invention, the fol.owing terms wi.l be employed and are intended to be 
defined as indicated below. 

rnwpB tCrmS " GDNFRa " ° r " GDNFR « P 0, Wide« when used herein encompass native seauence 
GDNFRa, GDNFRa variants. GDNFRa extracel.u.ar domain, and chimeric GDNFRa (each of which is 
defined herein). Optionally, the GDNFRa is not associated with native g.ycosy.ation. "Native g.ycosy.ation" 
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refers to the carbohydr^Knoieties which are covalently attached to GI^^Ra when it is produced in the 
mammalian cell from which it is derived in nature. Accordingly, human GDNFRa produced in a non-human 
cell is an example of a GDNFRa which may "not be associated with native glycosylation." Sometimes, the 
GDNFRa is ungiycosylated (eg., as a result of being produced recombinantly in a prokaryote) 
5 A "native sequence GDNFRa" comprises a polypeptide having the same amino acid sequence as a 

GDNFRa derived from nature. Thus, a native sequence GDNFRa can have the amino acid sequence of 
naturally occurring rat GDNFRa, murine. GDNFRa, human GDNFRa. or GDNFRa from any other 
mammalian species. Such native sequence GDNFRa polypeptides can be isolated from nature or can be 
produced by recombinant or synthetic means. The term "native sequence GDNFRa " specifically encompasses 
10 naturally- occurring truncated forms of the GDNFRa, naturally-occurring variant forms (e.g.. alternatively 
spliced forms), and naturally-occurring allelic variants of the GDNFRa. The preferred native sequence 
GDNFRa is a mature native sequence GDNFRa. GDNFRa sequence for rat is shown in Figures 1 A- 1 E. 
Preferred molecules are those comprising a nucleic acid molecule that is capable of hybridizing under 
moderate, and more preferably under stringent hybridization conditions, with the DNA sequence encoding the 
1 5 rat GDNF receptor shown in Figures I A- 1 E. In one embodiment the GDNFR nucleic acid hybridizes at 42° C 
in 20% formamide with the DNA sequence encoding the GDNF receptor shown in Figures 1A-1E. In another 
embodiment a GDNFR nucleic acid molecule is capable of hybridizing at 42° C in 20% formamide with a DNA 
sequence of at least 10 contiguous bases, and preferably at least 20 contiguous bases, more preferably with at 
least 45 bases, and even more preferably with at least 60 bases encoding a portion of the complete GDNF 
20 receptor shown in Figures 1 A- 1 E. Preferred sequences do not hybridize other known neurotrophin receptor 
sequences under similar conditions. 

Similarly, "GDNF* encompasses native sequence GDNF, GDNF variants, pre-pro-GDNF. mature 
GDNF, and chimeric GDNF. Optionally, the GDNF is not associated with native glycosylation. GDNF can 
be ungiycosylated (e.g.,as a result of being produced recombinantly in a prokaryote). A "native sequence 
25 GDNF" comprises a polypeptide having the same amino acid sequence as a GDNF derived from nature (see 
Lin etai, Science, 260:1 130-1 132 (1993) and WO 93/06116, which are incorporated herein in their entirety). 
Thus, a native sequence GDNF can have the amino acid sequence of naturally occurring rat GDNF. murine 
GDNF, human GDNF, or GDNF from any other mammalian species. Such native sequence GDNF 
polypeptides can be isolated from nature or can be produced by recombinant or synthetic means. The term 
30 "native sequence GDNFRa" specifically encompasses naturally-occurring truncated forms of the GDNF. 
naturally-occurring variant forms (e.g.. alternatively spliced forms), and naturally-occurring allelic variants of 
the GDNF. The preferred native sequence GDNF is a mature native sequence human GDNF. 

The "GDNFRa extracellular domain" (ECD) is a form of the GDNFRa which is essentially tree of 
the transmembrane and cytoplasmic domains of GDNFRa, /.*. has less than 1% of such domains, preferably 
35 0.5 to 0% of such domains, and more preferably 0. 1 to 0% of such domains. Ordinarily, the GDNFRa KCD 
will have an amino acid sequence having at least about 60% amino acid sequence identity with the am.no acid 
sequence of the ECD of an GDNFRa, for example as indicated in Figures 1A-1E for GDNFRa or the 
corresponding sequences provided herein, e.g. mouse sequences, human sequences, preferably at least about 
65%, more preferably at least about 75%, even more preferably at least about 80%, even more preferably at 
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least about 90-/., witSlcVeasing preference of 95* to at lea* 99-/. aSf acid sequence identity, and finally 
to .OOo/o .dentity. and thus includes GDNFRa variants as defined below. Preferred sequences wi,. be at leas, 
.6 am.no ac.ds ,ong. preferably at least 20 amino acids long, and even more preferably at leas, 40 amino ac.ds 
long. 

5 "GDNFRa variant" (or "GDNF variant") means a biologically active GDNFRa (or GDNF) as defined 

below having less than . 00% sequence identity (but at least 60% identity) w.th a GDNFRa (or human GDNF 
see L,n e, ./.. Science. 260: 1 .30-. ,32 (.993); WO 93/061 .6), for example, having the deduced ammo add 
sequence shown in Figures 1 A- 1 E for GDNFRa or with the sequences provided herein. Such variants include 
polypept.des wherein one or more amino acid residues are added at the N- or C-.erminus of or within a 
.0 GDNFRa or GDNF sequence; from about one to thirty amino acid residues are deleted, and op,,ona..v 
substituted by one or more amino acid residues; and derivatives of the above polypeptides, wherein an amino 
ac.d res,due has been covalently modified so that the resulting product has a non-natura.ly occurring amino 
acd. Ordmarily, a b.ologicaHy active variant wi.l have an amino acid sequence having about 60% am.no acd 
sequence identity with the amino acid sequence of a naturaHy-occurring GDNFRa (e.g., as shown in Figures 
15 . A-.E or the corresponding sequences provided herein) or human GDNF. preferably at .east abou, 65% more 
preferably at leas, about 75%, even more preferably at .east about 80%. even more preferably at leas, abou, 
90o/. ( wuh increasing preference of 95%. to at least 99% amino acid sequence identity, and finally to 1 00% 
.denfty. A "chimeric GDNFRa - is a polypeptide comprising fc.Mength GDNFRa or one or more doma.ns 
thereof (^..the extraceHu.ar domain) fused or bonded to hetero.ogous polypeptide. The chimeric GDNFRa 
w... generally share at .east one biological property in common with GDNFRa. Examples of ch.menc 
GDNFRas mclude immunoadhesins and epitope-tagged GDNFRa. A "chimeric GDNF" is a polypeptide 
comprising mature GDNF fused or bonded to a hetero.ogous peptide, preferably another neurotrophic factor 
or cytokine. 

The term "immunoadhesin" is used interchangeably with the expression "GDNFRa-immunog.obul.n 
chunera" and refers to a chimeric molecule that combines a portion of the GDNFRa (general.y the extracellular . 
domam thereof) with an immunog.obulm sequence. The immunoglobulin sequence preferab.v „„, not 
necessarily, .s an immunog.obuHn constant domain. The immunoglobulin moiety in the chimeras of .he preset,, 
■nvent.on may be obta.ned from . g G,, . g G2, lgG3 or lg G4 subtypes, IgA, . g E, .gD or . g M, bu, preferab.v 
IgG I or IgG3. 

30 The term "epitope-tagged" when used herein refers to a chimeric polypeptide comprising G DNFRa 

(or GDNF) fused to a "tag po.ypeptide". The tag polypeptide has enough residues to provide an epitope aua.ns, 
wh.ch an antibody thereagainst can be made, yet is short enough such that it does no, interfere with biological 
act.v.ty of the GDNFRa or GDNF. The tag polypeptide preferab.y also is fairly unique so that the ant.bodv 
thereagatnst does no, substantia.* cross-react with other epitopes. Sui.ab.e tag polypeptides generallv have 
at leas, Slx acid residues and usua.ly between abou, 8-50 amino acid residues (preferab.y between abou, 

9-30 rescues). Preferred are poly-histidine sequences, which bind nick.e, allowing isolation of ,„e .agued 
proteu, by Ni-NTA chromatography as described (Lindsay e, al. Neuron 17:57.-574 (1996)) for cximpic 
".so.ated GDNFRa" or "isolated GDNF" means mater.al that has been purified from a natural source 
or has been prepared by recombinant or synthetic methods and is sufficiently free of other peptides or prote.ns 
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(I) to obtain at least 15 a^referably 20 amino acid residues of the N-teSal or of an internal amino acid 
sequence by using a spinning cup sequenator or the best commercially available amino acid sequenator 
marketed or as modified by published methods as of the filing date of this application, or (2) to homogeneity 
by SDS-PAGE under non-reducing or reducing conditions using Coomassie blue or, preferably, silver stain. 
5 Homogeneity here means less than about 5% contamination with other source proteins. 

"Essentially pure" protein means a composition comprising at least about 90% by weight of the 
protein, based on total weight of the composition, preferably at least about 95% by weight. "Essentially 
homogeneous" protein means a composition comprising at least about 99% by weight of protein, based on total 
weight of the composition. 

10 "Biological property" when used in conjunction with either "GDNF", "GDNFRa" or "isolated 

GDNFRa" means having an effector or antigenic function or activity that is directly or indirectly caused or 
performed by native sequence GDNF or GDNFRa (whether in native or denatured conformation). Effector 
functions include ligand binding or receptor binding, and enhancement of survival, differentiation and/or 
proliferation of cells (especially proliferation of cells). However, effector functions do not include possession 

15 of an epitope or antigenic site that is capable of cross-reacting with antibodies raised against native sequence 
GDNF or GDNFRa. 

An "antigenic function" means possession of an epitope or antigenic site that is capable of cross- 
reacting with antibodies raised against native sequence GDNF or GDNFRa. The principal antigenic function 
of a polypeptide is that it binds with an affinity of at least about I0 6 L/mole to an antibody raised against nat.ve 
sequence GDNF or GDNFRa. Ordinarily, the polypeptide binds with an affinity of at least about I0 7 L/mole. 
The antibodies used to define "antigenic function" are rabbit polyclonal antibodies raised by formulating the 
antigen in Freund s complete adjuvant, subcutancously injecting the formulation, and boosting the immune 
response by intraperitoneal injection of the formulation until the titer of the antibody plateaus. 

"Biologically active" when used in conjunction with "GDNF." "GDNFRa" or "isolated GDNFRa" 
25 means a polypeptide that exhibits or shares an effector function of native sequence GDNF or GDNFRa and 
that may (but need not), in addition, possess an antigenic function. A principal effector function of the 
GDNFRa is its ability to bind GDNF. Another principal effector function of GDNFRa is activating Re. 
tyrosine kinase (resulting in Ret autophosphorylation) to activate downstream pathways mediated by Ret 
signaling function. 

30 "Antigenically active" is defined as a polypeptide that possesses an antigenic function of GDNF or 

GDNFRa and that may (but need not) in addition possess an effector function. 

"Percent amino acid sequence identity" is defined herein as the percentage of amino acid residues in 

the candidate sequence that are identical with the residues in the GDNF or GDNFRa sequence, after aligning 

the sequences and introducing gaps, if necessary, to achieve the maximum percent sequence identity, and not 
35 considering any conservative substitutions as pan of the sequence identity. None of N-terminal. C-.erminal, 

or internal extensions, deletions, or insertions into the candidate GDNF or GDNFRa sequence shall be 

construed as affecting sequence identity or homology. 

"GDNF ligand" is a molecule which binds to and preferably activates native sequence GDNFRa The 

ability of a molecule to bind to GDNFRa can be determined, for example, by the ability of the putative ligand 
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«o bind «o GDNFRa^Tmunoadhesin coated on assay p|ate ^ JF |e ^ ^ ^ 

^ ^ C ° mParing ^ t0 0thCr " eUrotro P hic * cytokine receptors, particularly of the TGF-(3 

J''^^^^^^^ Theabi.itytocompetewithbinding 
of GDNF to GDNFRa is a preferred property of a GDNF ,i g and. The thymidine incorporation assay prov.de! 
^ another means for screening for ligands which activate GDNFRa function. 

A "thymidine incorporation assay" can be used to screen for modules wh.ch activate the GDNFRa 
In order to perform this assay. ,L-3 dependent Baft ce..s (Pa.acios e, a,.. CeU. 4 , :727-734 ( , 985)) are stablv 
transited with full length native sequence GDNFRa as described herein and Ret. The GDNFRa/Ret/Baf3 
cel., so generated are starved of ,L-3 for 24 hours in a humidified incubator at 37°C in 5%C0 2 and air 
.0 renewing .L-3 starvation, the cel.s are p.ated out in 96 we,, cu.ture dishes with, or without, a test sample 
con.a.nmg a potential agonist (such test samp.es are optienaNy di.uted) and cu.tured for 24 hours in a eel, 
cu.ntre incubator. 20ul of serum free RPMI media containing luCi of thymidine is added to each well for 
the ,ast 6-8 hours. Tne cells are then harvested in 96 well fi.ter p.ates and washed with water The fi.ters are 

*e~^ Agonis. are expected 

.omduceas,a,s.ic^^^ 

agon,s.s leads .o an increase in 3„ uptake whlcn js at ^ ^ fo|d ^ ^ ^ ^ ^ 

described herein. * 

An "iso.a.ed" nudeic acid molecu.e is a nudeic acid mo.ecu.e mat is identified and separated from 

20 Lr D r " UCleiC m0,eCU ' e * 15 ° rdinari,y aSS0Cia,ed — ' — e of 

20 to GDNF or GDNFRa nuc.eic acid. An isolated nuc.eic acid me.ecu.e is other man in the form or setting in 

wh,ch is found in nature. ,so,a«ed nuc.eic acid mo.ecu.es therefore are distinguished from the nuc.eic ac.d 
mo ecu,e as it exists in natura. ceHs. However, an iso.ated GDNFRa (or GDNF) nudeic acid mo.ecu.e 
cnNF^ ^ > ' V '^'^ a ^^^"^ nucleic acid molecules contained in cells mat ordinarily express GDNFRa (or 
GDNF) where, for example, the nuc.eic acid mo.ecu.e is in a chromosema, .ocation different from .ha, of 
^5 natural cells. 

The expression "con.ro. sequences" refers ,e DNA sequences necessary for the expression of an 
operab.y Imked coding sequence in a par.icu,ar host organism. The control sequences , ha, are suitable for 
promotes, for examp.e, include a promoter, opt.ona.ly an operator sequence, a ribosome binding site and 
poss.b.y, other as yet poorly understood sequences. Eukaryo.ic ce.,s are known to utilize promoters 
30 polyadenylation signals, and enhancers. 

Nudeic acid is "operab.y linked" when i, is placed into a functiona, reUionship with another nuc.eic 
ac.d sequence. For examp.e, DNA for a presequence or secretory .eader is operab.y „nked to DNA for a 
polypeptide if it is expressed as a preprotein that participates in the secretion of the po.ypeptide; a promoter 

boKtaj js.te ,s eoerably linked .o a coding sequence if it is positioned so as to fccil.tate transition. Generally 
operab.y linked" means ma. the DNA sequences being .inked are contiguous, and. in the case of a secretory 
leader, contiguous and in reading phase. However, enhancers do not have to be contiguous. Link.ng ,s 
accomphshed by .igat.on at convenient restrict sues. ,f such sites do no, exist, the synthet.c oligonucleotide 
adaptors or l.nkers are used in accordance with conventional practice. 
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As used herein^^expressions "cell." "cell line," and "cell culturffire used interchangeably and all 
such designations include progeny. Thus, the words "trans formants" and "transformed cells" include the 
primary subject cell and cultures derived therefrom without regard for the number of transfers. It is also 
understood that all progeny may not be precisely identical in DNA content, due to deliberate or inadvertent 
5 mutations. Mutant progeny that have the same function or biological activity as screened for in the originally 
transformed cell are included. Where distinct designations are intended, it will be clear from the context. 

The term "antibody" is used in the broadest sense and specifically covers monoclonal antibodies, 
antibody compositions with polyepitopic specificity, bispecific antibodies, diabodies, and single-chain 
molecules, as well as antibody fragments (e.g.. Fab, Ffab'H, and Fv). so long as they exhibit the desired 
1 0 biological activity. 

The term "monoclonal antibody" as used herein refers to an antibody obtained from a population of 
substantially homogeneous antibodies, i.e.. the individual antibodies comprising the population are identical 
except for possible naturally occurring mutations that may be present in minor amounts. Monoclonal 
antibodies are highly specific, being directed against a single antigenic site. Furthermore, in contrast to 
conventional (polyclonal) antibody preparations which typically include different antibodies directed against 
different determinants (epitopes), each monoclonal antibody is directed against a single determinant on the 
antigen. In addition to their specificity, the monoclonal antibodies are advantageous in that they are 
synthesized by the hybridoma culture, uncontaminated by other immunoglobulins. The modifier "monoclonal" 
indicates the character of the antibody as being obtained from a substantially homogeneous population of 
antibodies, and is not to be construed as requiring production of the antibody by any particular method. For 
example, the monoclonal antibodies to be used in accordance with the present invention may be made by the 
hybridoma method first described by Kohlere/ al.. Nature, 256: 495 (1975). or may be made by recombinant 
DNA methods (see, e.g., U.S. Patent No. 4.8 1 6.567 (Cabilly el al. )). The "monoclonal antibodies" may also 
be isolated from phage antibody libraries using the techniques described in Clackson et al.. 624-628 (1991 ) 
25 and Marks etal.,J. Mol. Biol., 222:58 1 -597 (199 1), for example. 

The monoclonal antibodies herein specifically include "chimeric" antibodies (immunoglobulins) in 
which a portion of the heavy and/or light chain is identical with or homologous to corresponding sequences 
in antibodies derived from a particular species or belonging to a particular antibody class or subclass, while 
the remainder of the chain(s) is identical with or homologous to corresponding sequences in antibodies derived 
from another species or belonging to another antibody class or subclass, as well as fragments of such 
antibodies, so long as they exhibit the desired biological activity (Cabilly e, al, supra; Morrison et al. Proc. 
Natl. Acad. Set. USA, 81 :685 1-6855 ( 1984)). 

"Humanized" forms of non-human (e.g., murine) antibodies are chimeric immunoglobulins, 
immur. -lobulin chains" or fragments thereof (such as Fv. Fab, Fab 1 , F(ab') 2 or other antigen-binding 
subsequences of antibodies) which contain minimal sequence derived from non-human immunoglobulin. For 
the most part, humanized antibodies are human immunoglobulins (recipient antibody) in which residues from 
a complementary-determining region (CDR) of the recipient are replaced by residues from a CDR of a non- 
human species (donor antibody) such as mouse, rat or rabbit having the desired specificity, affinity, and 
capacity. In some instances, Fv framework region (FR) residues of the human immunoglobulin are replaced 
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by corresponding noS mM residues. Furthermore, humanized antiSE may comprise residues which are- 
found neither in the recipient antibody nor in the imported CDR or framework sequences. These modificat.ons 
are made to further refine and optimize antibody performance. In general, the humanized antibody will 
comprise substantially al. of at least one. and typically two, variable domains, in which a., or substantially all 
5 of the CDR regions correspond to those of a non-human immunoglobulin and all or substantially all of the FR 
regions are those of a human immunoglobulin sequence. The humanized antibody optimally also will comprise 
at least a portion of an immunoglobulin constant region (Fc), typically that of a human immunoglobulin For 
further details, see Jones etal., Nature, 321:522-525 (1986); Reichmann etui. Nature, 332:323-329 ( 1 988) 
andPresta.C M rr Op. Struct. Biol., 2:593-596 (.992). The humanized antibody includes a Primatized™ 
10 antibody wherein the antigen-binding region of the antibody is derived from an antibody produced bv 
immunizing macaque monkeys with the antigen of interest. 

"Non-immunogenic in a human" means that upon contacting the polypeptide of interest in a 
physmlogically acceptab.e carrier and in a therapeutically effective amount with the appropriate tissue of a 
human, no state of sensitivity or resistance to the polypeptide of interest is demonstrable upon the second 
15 adm.mstration of the polypeptide of interest after an appropriate latent period (e.g.. 8 to 14 days). 

By "agonist antibody" is meant an antibody which is a GDNFRa ligand. able to activate native 
sequence GDNFRa. 

A "neutralizing antibody" is one which is able to block or significantly reduce an effector function of 
native sequence GDNF or GDNFRa. For example, a neutralizing antibody may inhibit or reduce GDNFRa 

20 actuation by a GDNF ligand. as determined, for example, in a neurite survival assays, a GDNF binding assay, 
or other assays taught herein or known in the art. 

The phrase "enhancing proliferation of a cell" encompasses the step of increasing the extent of growth 
and/or reproduction of the cell relative to an untreated cell either ,„ vitro or ,„ v/ vo . An increase in cell 
proliferation in cell culture can be detected by counting the number of cells before and after exposure to a 

25 molecule of interest. The extent of proliferation can be quantified via microscopic examination of the degree 
of confluency. Cell proliferation can also be quantified using the thymidine incorporation assay described 
herein. 

By "enhancing differentiation of a cell" is meant the act of increasing the extent of the acquisition or 
possession of one or more characteristics or functions which differ from that of the original cell (, , cell 
30 specialization). This can be detected by screening for a change in the phenotype of the cell (..^identifying 
morphological changes in the cell). 

"Physiologically acceptable" carriers, excipients, or stabilizers are ones which are nontoxic to the cell 
or mammal being exposed thereto at the dosages and concentrations employed. Often the physiologically 
acceptable carrier is an aqueous pH buffered solufon. Examples of physiologically acceptable carriers include 
35 buffers such as phosphate, citrate, and other orgamc acids: antioxidants including ascorbic acid; low molecular 
"e.ght (less than about 10 residues) polypeptides; proteins, such as serum albumin, gelatin or 
immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone; amino acids such as glycine, glu.amine. 
asparagine, arginine or lysine; monosaccharides, disaccharides, and other carbohydrates including glucose 
mannose, or dextrins; chelating agents such as EDTA; sugar alcohols such as mannitol or sorbitol; salt-forming 
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countei 
(PEG). 



counterions such as sodlm; and/or nonionic surfactants such as Tween^Turonics or polyethylene glycol 



enrrlui 



As used herein, the term "salvage receptor binding epitope" refers to an epitope of the Fc region of 
an IgG molecule (e g. IgG I , lgG2, ]gG3, and lgG4) that is responsible for increasing the in vivo serum half-life 
of the IgG molecule. Exemplary salvage receptor binding epitope sequences include HQNLSDGK: 
HQNISDGK; HQSLGTQ; VISSHLGQ; and PKNSSMISNTP. 

The term "cytokine" is a generic term for proteins released by one cell population which act on 
another cell as intercellular mediators. Examples of such cytokines are lymphokines, monokines, and 
traditional polypeptide hormones. Included among the cytokines are growth hormone such as human growth 
hormone, N-methionyl human growth hormone, and bovine growth hormone; parathyroid hormone; thyroxine; 
insulin; proinsulin; relaxin; prorelaxin; glycoprotein hormones such as follicle stimulating hormone (FSH). 
thyroid stimulating hormone (TSH), and luteinizing hormone (LH); hepatic growth factor; fibroblast growth 
factor; prolactin; placental lactogen; tumor necrosis factor-a and -p; mullerian-inhibiting substance; mouse 
gonadotropin-associated peptide; inhibin; activin; vascular endothelial growth factor: integrin; thrombopoietin 
(TPO); neurotrophic factors or nerve growth factors such as NGF-p, NT-3, NT-4, NT-6, BDNF, CNTF, 
GDNF, AL- 1 and other eph-receptor family ligands; platelet-growth factor; transforming growth factors (TGFs) 
such as TGF-a and TGF-p; insulin-like growth factor-! and -II; erythropoietin (EPO); osteoinductive factors; 
interferons such as interferon-a, -p, and -y; colony stimulating factors (CSFs) such as macrophage-CSF (M- 
CSF); granuIocyte-macrophage-CSF (GM-CSF); and granulocyte-CSF (G-CSF); interleukins (ILs) such as IL- 
1, IL-la, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-11, 1L-I2; and other polypeptide factors including 
LIF and kit ligand (KL). As used herein, the term cytokine includes proteins from natural sources or from 
recombinant cell culture and biologically active equivalents of the native sequence cytokines. Also included 
are genetically engineered molecules with cytokine activity such as TrkA-IgG or other soluble receptor 
chimeras. 

"Treatment" refers to both therapeutic treatment and prophylactic or preventative measures. Those 
in need of treatment include those already with the disorder as well as those in which the disorder is to^bc 
prevented. 

"Mammal" for purposes of treatment refers to any animal classified as a mammal, including humans, 
domestic and farm animals, and zoo, sports, or pet animals, such as dogs, horses, cats, cows, etc. Preferably, 
the mammal is human. 

By "solid phase" is meant a non-aqueous matrix to which a reagent of interest (e g., the GDNFRa or 
an antibody thereto) can adhere. Examples of solid phases encompassed herein include those formed partially 
or entirely of glass (^..controlled pore glass), polysaccharides (e.g., agarose), polyacry lam ides, polystyrene, 
polyvinyl alcohol and silicones. In certain embodiments, depending on the context, the solid phase can 
comprise the well of an assay plate; in others it is a purification column (e.g .an affinity chromatography 
column). This term also includes a discontinuous solid phase of discrete particles, such as those described in 
U.S. Patent No. 4,275,149. 

Modes for carrying out the invention are presented herein. GDNF (Lin et ai. Science, 260: 1130-1132 
(1993); WO 93/061 16, which are incorporated herein in their entirety) is a potent survival factor for midbrain 
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dopaminergic (Lin eTlTsc,^. 260:. 130-1132(1993); Sternberg " Exp MW., ,24:401-4 !2 (1993) 
sp.nal motor (Henderson et al . Scence. 266:1062-1064 (1994)) and noradrenergic neurons (Arenas et al 
Neuron. 15:1465-1473 (1995)), which degenerate in Parkmson's disease (Hirsch e, al . Nature 334-345-348 
(1988); Homykiew.cz, A,,. *„ a , 7 Med., 55:1.-20 (1988)). amyotrophic lateral sclerosis (Hirano 
5 Amyotrophic Lateral Scleros.s and Other Motor Neuron Diseases. P. Rowland, ed. (New York- Raven Press 
Inc.) pp. 9.-10. (1991)), a „d Alzheimer's disease (Marcynuik eta,.. J Neural. &/.. 76:335-345 (.986) Cash 
et al., Neurology, 37:42-46 (.987); Chan-Palay et al.. Camp. Neurol.. 287:373-392 (1989)), respectively 
Based, in part, on mice genetically engineered to lack GDNF, additional biological roles for GDNF are 
reported herein: the development and/or survival of enteric, sympathetic, and sensory neurons, and ce.ls of the 
10 renal system. The results presented in the examples also demonstrates that GDNF is no. necessary for 
catecholamine^ neuron development in the central nervous system (CNS). 

Also described herein is the isolation, sequence, and tissue distribution of a novel GP.-linked protein 
and its gene, designated GDNFRoc, which is shown to modulate cell response to GDNF. Ligand bound 
GDNFRa induces phosphorylation of the tyrosine kinase receptor Ret. These findings identify Ret and 
1 5 GDNFRa, respectively, as signaling and ligand binding components of a receptor complex for GDNF 

Cytokine receptors frequently assemble into multi-subuni, complexes. Sometimes, the a subunit of 
th,s complex is involved in binding the cognate growth factor and the P - Su bunit may contain an ability to 
transduce a signal to the cel.. Without wishing to be bound by theory, these receptors have been assigned ,o 
three subfamilies depending on the complexes formed. Subfamily , includes the receptors for EPO 
20 granulocyte colony-stimulating factor (G-CSF), interieukin-4 (1L-4), interleukin-7 (IL-7), growth hormone 
(GH), and prolactin (PRL). Ligand binding to receptors belonging to this subfamily is thought to result in 
homodirnerization of the receptor. Subfamily 2 includes receptors for IL-3, granulocyte-macrophage colony- 
st.mu.ating factor (GM-CSF). inter.eukin-5 (.L-5), inter.eukin-6 (,L-6), .eukemia inhibitory factor (L.F) 
oncostann M (OSM). and ciliary neurotrophic factor (CNTF). Subfamily 2 receptors are heterodimers havin* 
25 an «-subumt for ligand binding, and P-subuni, (either the shared P -subun,t of the IL-3. GM-CSF and IL-5 
receptors or the gp 1 30 subunit of the IL-6, LIF, OSM. and CNTF receptors) for signal transduction. Subfamilv 
3 coma.ns only the in,er.eukin-2 (1L-2) receptor. The P and y subunits of the IL-2 receptor comp.ex are 
cytokme-receptor polypeptides which associate with the «-subunit of the unrelated Tac ant.gen. 

In one aspect, the present invention is based on the discovery of the GDNFRa. a protein that binds 
30 GDNF with a high affinity. The experiments described herein demonstrate that this molecule is a receptor 
wh.ch appears to play a role in mediating responses to GDNF. In particular, this receptor has been found to 
be present ,n a variety of tissue and cell populations, inc.uding neurons, thus indicating that GDNF ligands 
such as agonist antibodies, can be used to stimulate proliferation, growth, survival, differentiation, metabolism 
or regeneration of GDNFRa- and Ret-containing cells. 
35 In a preferred embodiment. GDNF is produced by recombinant DNA methods, utilizing the genes 

codtng for GDNF (see WO 93/06. .6 for human and rat GDNF sequences, expression, and assay methods) 
The present tnvention includes a vector for use in producing biologically active GDNF comprised of expression 
regulatory e.ements operatively linked to a nucle.c acid sequence coding for mature or pre-pro GDNF and a 
host cell transformed by such a vector which comprises the regulatory elements needed to express the DNA 
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sequence; transform ing^ost cell with said expression vector; culturing^ host cells under conditions for 
amplification of the vector and expression of GDNF; and harvesting the GDNF. 

A recombinant DNA method is described for the production of GDNF comprising: culturing the host 
cells of this invention under conditions for amplification of the vector and expression of GDNF; and harvesting 
5 the GDNF. 

The material isolated after expression is essentially biologically inactive, and exists as a monomer. 
Following refolding. GDNF exists as a biologically active disulfide-bonded dimer. GDNF. therefore, is a 
disulfide-bonded dimer in its natural, biologically active form. This invention, however, includes GDNF in 
both its monomeric and dimeric, and biologically inactive and biologically active forms. 
1 0 Throughout the specification, any reference to glial derived neurotrophic factor should be construed 

to refer to neurotrophic factors of any origin which are substantially homologous to and which are biologically 
equivalent to the GDNF characterized and described herein. The degree of homology between the rat and 
human protein is about 93%, and all mammalian GDNF will have a similarly high degree of homology. Such 
GDNFs may exist as dimers in their biologically active form. 
15 The present invention encompasses glycosylated and non-glycosylated forms of GDNF as well as 

truncated forms of the naturally-occurring and recombinant GDNF as described herein. In a further 
embodiment. GDNF is modified by attachment of one or more polyethylene glycol (PEG) or other repeating 
polymeric moieties. The present invention also encompasses GDNF recombinant^ produced in bacterial 
expression systems containing an amino-terminal methionine residue. 
20 Also included are methods for preventing or treating the disorders discussed herein. In one 

embodiment is a method of implanting GDNF-secreting cells into the body of patients in need of GDNF- 
therapy. The implant can optionally contain soluble-GDNFR a -secreting cells. The present invention also 
includes an implantation device, for preventing or treating the disorders discussed herein, comprising a 
semipermeable membrane and a GDNF-secreting cell encapsulated within the membrane, which is permeable 
25 to GDNF and impermeable to factors from the patient detrimental to the cells. 

The description herein for vectors, hosts cells, fusion proteins, modifications, and method and routes 
of administration, etc. for making, expressing, and using GDNFR applies to GDNF and its variants, as would 
be known by one of ordinary skill in the art. 

Techniques suitable for the production of GDNFRa are well known in the art and include isolating 
30 GDNFRa from an endogenous source of the polypeptide, peptide synthesis (using a peptide synthesizer) and 
recombinant techniques (or any combination of these techniques). The preferred technique for production of 
GDNFRa is a recombinant technique to be described below. 

Most of the discussion below pertains to recombinant production of GDNFRa by culturing cells 
transformed with a vector containing GDNFRa nucleic acid and recovering the polypeptide from the cell 
35 culture. It is further envisioned that the GDNFRa of this invention may be produced by homologous 
recombination, as provided for in WO 9 1/06667, published 16 May 1991. 

Briefly, this method involves transforming primary human cells containing a GDNFRa -encoding gene 
with a construct (,.e, vector) comprising an amplifiable gene (such as dihydrofolate reductase (DHFR) or 
others discussed below) and at least one flanking region of a length of at least about 1 50 bp that is homologous 
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wim a DNA sequence^ «ocu S of the coding region of the GDNpSfne to provide amplification of the 
GDNFR* gene. Ihe amp.ifiable gene must be at a site that does not interfere with expression of the GDNFR* 
gene. The transformation is conducted such that the construct becomes homologously mtegrated in.o the 
genome of the primary cells to define an amplifiable region. 

Primary cells comprising the construe, are then selected for by means of the amp.ifiable gene or other 
marker present in the construe. The presence of the marker gene establishes the presence and integration 0 f 
•he construct into the host genome. No further selection of the primary ce.ls need be made, s.nce selection will 
be made in the second host. ,f desired, the occurrence of the homologous recombination even, can be 
determined by employing PGR and either sequencing the resu.tmg amplified DNA sequences or determining 
.0 the appropriate .ength of the PGR fragment when DNA from correct homo.ogous integrants is present and 
expands only those cells containing such fragments. A.so if desired, the selected cells may be amp.ified at 
th,s point by stressing the cells with the appropriate amplifying agent (such as methotrexate if the amp.ifiable 
gene is DHFR), so that multiple copies of the target gene are obtained. Preferably, however, the amplification 
step ,s not conducted until after the second transformation described below. 

After the selection step, DNA portions of the genome, sufficiently large to include the entire 
amp.ifiable region, are iso.ated from the selected primary cel., Secondary mammalian expression host ce.ls 
are then transformed with these genomic DNA portions and Coned, and Cones are selected that contain the 
amphfiable region. The amp.ifiable region is then amplified by means of an amp.ifying agent if not already 
amplified in the primary cel.s. Finally, the secondary expression host cells now comprismg mu.tip.e copies 
of the ampl.f.ab.e region containing GDNFR a are grown so as to express the gene and produce the protein 
The conserved structure and sequence of the mammalian GDNFR a and the elucidation of the cDNA 
sequence which encodes the rat and mouse receptor, as we., as human sequences disclosed herein make h 
possible to Cone gene sequences from other mamma.s which encode the GDNFRa. Of particular interest to 
the present invention is the abi.ity to Cone the human GDNFRa mo.ecu.es using the sequences disclosed 
hereu, The DNA encoding GDNFRa may be obtained from any cDNA library prepared from tissue believed 
to possess the GDNFRa mRNA and to express it a, a detectable. ,evel. as shown herein in the Exampies 
According*. GDNFRa DNA can be convenient* obtained from a cDNA library prepared, for examp.e from 
mammahan feta. live, brain, muscle, intestine, and penphera. nerves. The GDNFRa-encod.ng gene mav also 
be obtained from a genomic library or by oligonucleotide synthesis. 

,o LibrarieSareSCreened probes (such as antibodies to the GDNFRa or o.igonuc.eotides of about 
20-80 bases) designed to identify the gene of interest or the protein encoded by it. Screening the cDNA or 
genomic Hbrary with the selected probe may be conducted us.ng standard procedures as described in chapters . 

12 ° f Sambr °° k Bt al ' M ^r ao n ,n g . A Laboratory Manual (New York: Co.d Spring Harbor 
Laboratory Press. !989). An alternative means to isolate the gene encoding GDNFRa is to use PGR 
methodology as described in section 14 of Sambrook et al., supra. 

A preferred method of practicing this invention is to use careful* selected oligonucleotide sequences 
«o screen cDNA libraries from various human tissues, preferab.y human feta. liver. The oligonucleotide 
sequences se.ected as probes shou.d be of sufficient .ength and sufficient* unambiguous that fa.se positives 
are m,n,m,zed. Preferred sequences are obtained from the natura.ly-occurring GDNFRa disc.osed herein 
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The oligonucle^We must be labeled such that it can be detectec^faon hybridization to DNA in the 
library being screened, the preferred method of labeling is to use 32 P-labeled ATP with polynucleotide 
kinase, as is well known in the art, to radiolabel the oligonucleotide. However, other methods may be used to 
label the oligonucleotide, including, but not limited to, biotinylation or enzyme labeling. 
5 Amino acid sequence variants of GDNFRa are prepared by introducing appropriate nucleotide 

changes into the GDNFRet DNA. or by synthesis of the desired GDNFRot polypeptide. Such variants represent 
insertions, substitutions, and/or specified deletions of, residues within or at one or both of the ends of the amino 
acid sequence ofa naturally occurring GDNFRa, such as the GDNFRa shown in Figures I A- IE or sequences 
disclosed herein. Preferably, these variants represent insertions and/or substitutions within or at one or both 
1 0 ends of the mature sequence, and/or insertions, substitutions and/or specified deletions within or at one or both 
of the ends of the signal sequence of the GDNFRa. Any combination of insertion, substitution, and/or 
specified deletion is made to arrive at the final construct, provided that the final construct possesses the destred 
biological activity as defined herein. The amino acid changes also may alter post-translational processes of 
the GDNFRa, such as changing the number or position of glycosylation sites, altering the membrane anchoring 
characteristics, and/or altering the intracellular location of the GDNFRa by inserting, deleting, or otherw.se 
affecting the leader sequence of the GDNFRa. Preferred embodiments are those having several amino 
substitutions, deletions, or insertions. More preferred substitutions, deletions, or insertions of I to 3 amino 
acids. Most preferred are substitutions, deletions, or insertions of 1 amino acid. Preferred changes are 
typically conservative in nature. 

Variations in the native sequence as described above can be made using any of the techniques and 
guidelines for conservative and non-conservative mutations set forth in U.S. Pat. No. 5,364,934. which is 
specifically incorporated by reference. These include oligonucleotide-mediated (site-directed) mutagenesis, 
alanine scanning; and PCR mutagenesis. See also, for example, Table I therein and the discussion surrounding 
that table for guidance on selecting amino acids to change, add, or delete. 

The nucleic acid (e g.. cDNA or genomic DNA) encoding the GDNFRa is inserted into a replicable 
vector for further cloning (amplification of the DNA) or for expression. Many vectors are available. The 
vector components generally include, but are not (united to, one or more of the following: a signal sequence.' 
an origin of replication, one or more marker genes, an enhancer element, a promoter, and a transcription 
termination sequence. 

The GDNFRa s of this invention may be produced recombinant^ not only directly, but also as a fusion 
polypeptide with a heterologous polypeptide, which is preferably a signal sequence or other polypeptide having 
a specific cleavage site at the N-terminus of the mature protein or polypeptide. In general, the signal sequent 
may be a component of the vector, or it may be a part of the GDNFRa DNA that is inserted into the vector 
The heterologous signal sequence selected preferably is one that is recognized and processed (i.e.. cleaved by 
a signal peptidase) by the host cell. For prokaryotic host cells that do not recognize and process the native 
GDNFRa signal sequence, the signal sequence is substituted by a prokaryotic signal sequence selected, for 
example, from the group of the alkaline phosphatase, penicillinase, Ipp, or heat-stable enterotox.n II leaders. 
For yeast secretion the native signal sequence may be substituted by. e.g., the yeast invertase leader, a factor 
leader (including Saccharomyces and Kluyveromyces a-factor leaders, the latter described in U.S. l\n. No. 
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5,010,,82 issued 23 Apr, .99,), or acid phosphatase .eader, the C. g.ucoamyiase leader^ 362 , 79 

publ.shed 4 April ,990), or the signa, descnbed in WO 90/13646 published ,5 November -990 ' ,n 
maxn.al.an ce., expression, the native signa, sequence (,,., the GDNFRa presequence that normaHy direc.s 
secret.on of GDNFRa from human or rat ce„s ,„ W , ls sat.sfactory, a.though other rnammaJn s, gnal 
sequences may be suitable, such as signa, sequences from other animal GDNFRas. and signa, sequences L 
secreted polypeptides of the same or re.ated species, as we,, as vira, secretory .eader, for examp.e. the herpes 
simplex gD signal. "upc* 

GDNFR DN , A J" SUCh PrCCUrSOr re8i ° n ^ " 8ated in readinS fr3me *° ° NA enC ° d "S — re 
GDNFRa or a soluble variant thereof 

Both expression and cloning vectors contain a nucleic acid sequence that enab.es the vector to 
rep cate m one or .ore se.ected host ce„s. Generally, in Coning vectors this sequence is one that enab.es the 

aT Z° r t ,Cat V ndePendent,y ° f " h ° St ° NA - ^ inCl ^ -W- —.icon or 

autonomously rephcattng sequence, Such sequences are we,, known for a variety of bacteria, yeas, and 

v^ses . The origin of rep.ication from the p.astnid P BR322 is suitab.e for most Gram-negative bacteria the 
2u p.asm.d ongin is suitable for yeast, and various v.ra, origins (SV40, po.yoma. adenovirus. VSV or BPV, 
are usefu, for Coning vectors in mamma ,ian cells. General.y. the or.gin of rep.ication component is no, needed 
for mammal.an expression vectors (the SV40 origin may typica„y be used on,y because it contains the early 
promoter). y 

Most expression vectors are "shutt.e" vectors, U. they are capable of rep.ication in at .east one Cass 
of organ.sms ^but can be transfected into another organism for express.on. For examp.e, a vector is Coned in 
coi, «, then the same vector is transfected into yeast or mammaiian ce..s for expression even thou,,, „ is 
not capable of replicating independently of the host cell chromosome. 

DNA may also be amphfied by insertion into the host genome. This is readily accomplished us,n. 
Baciius spec.es as hosts, for example, by including in the vector a DNA sequence that is complement , 
~5 asequencefoundtn^genomicDNA. Transfection of Bac lllus with th.s vector results in homo,^ us 
recomb.at.on with the genome and insertion of GDNFRa DNA. However, the recovery of genomic DNA 
encodrngGDNFRa is more comp.ex than that of an exogenous* replicated vector because restrict-on e nzym , 
digestion is required to excise the GDNFRa DNA. 

Expression and Coning vectors should contain a sCection gene, also termed a selectable markcr Th.s 
gene encodes a protein necessary for the surv.va. or growth of transformed hos, cel.s grown in a se.ecuve 
culture medium. Host ce,, not transformed with the vector containing the se.ection gene wil, not surv.ve , n 
the culrure medium. Typical selection genes encode proteins that (a) confer resistance to antibiotics or „, h , r 
ox.3, e. g ., ampicillin, neomycin, methotrexate, or tetracycl.ne, (b) complement auxotrophic deflaenc.es or 

35 BacT Cri,iCal nUtriemS " aVailab ' e ^ COm . P,eX 8Cne enCOdi " g D -an.ne racemase for 

One example of a selection scheme utilizes a drug to arrest growth of a hos, cel.. Those ce„s tha, are 
successful* transformed w.th a heterologous gene produce a prote.n conferr.ng drug resistance and thus 
surv.ve the se.ection regimen. Examp.es of such dominant selection use the drugs neomycin. mvcophcnulic 
acid and hygromycin. ' ' r 
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Another exam^Fof suitable selectable markers for mammal^Pcells are those that enable the 
identification of cells competent to take up the GDNFRa nucleic acid, such as DHFR or thymidine kinase. 
The mammalian cell transformants are placed under selection pressure that only the transform ants are uniquely 
adapted to survive by virtue of having taken up the marker. Selection pressure is imposed by culturing the 
5 transformants under conditions in which the concentration of selection agent in the medium is successively 
changed, thereby leading to amplification of both the selection gene and the DNA that encodes GDNFRa. 
Amplification is the process by which genes in greater demand for the production of a protein critical for 
growth are reiterated in tandem within the chromosomes of successive generations of recombinant cells. 
Increased quantities of GDNFRa are synthesized from the amplified DNA. Other examples of amplifiable 
10 genes include metallothionein-l and -II, preferably primate metallothionein genes, adenosine deaminase, 
ornithine decarboxylase, etc. A preferred vector system is provided in U.S. Patent No. 5,561 ,053. 

For example, cells transformed with the DHFR selection gene are first identified by culturing ail of 
the transformants in a culture medium that contains methotrexate (Mtx), a competitive antagonist of DHFR. 
An appropriate host cell when wild-type DHFR is employed is the Chinese hamster ovary (CHO) cell line 
15 deficient in DHFR activity, prepared and propagated as described by Urlaub et ai. Proc. Nail. Acad. Sci. 
USA, 77:4216 (1980). The transformed cells are then exposed to increased levels of methotrexate. This leads 
to the synthesis of multiple copies of the DHFR gene, and, concomitantly, multiple copies of other DNA 
comprising the expression vectors, such as the DNA encoding GDNFRa. This amplification technique can 
be used with any otherwise suitable host, e.g., ATCC No. CCL6 1 CHO-K 1 , notwithstanding the presence of 
endogenous DHFR if, for example, a mutant DHFR gene that is highly resistant to Mtx is employed (EP 
117,060). 

Alternatively, host cells (particularly wild-type hosts that contain endogenous DHFR) transformed 
or co-transformed with DNA sequences encoding GDNFRa, wild-type DHFR protein, and another selectable 
marker such as aminoglycoside 3 , -phosphotransferase (APH) can be selected by cell growth in medium 
containing a selection agent for the selectable marker such as an aminoglycoside antibiotic, e.g.. kanamycin, 
neomycin, or G4 18. See U.S. Patent No. 4,965,199. 

A suitable selection gene for use in yeast is the trp\ gene present in the yeast plasm id YRp7 
(Stinchcomb eiaL Nature, 282:39 (1979)). The trp\ gene provides a selection marker for a mutant strain of 
yeast lacking the ability to grow in tryptophan, for example, ATCC No. 44076 or PEP4-1 . Jones, Genetics. 
85:12 (1977). The presence of the trp\ lesion in the yeast host cell genome then provides an effective 
environment for detecting transformation by growth in the absence of tryptophan. Similarly, Z,ew2-deficienf 
yeast strains (ATCC 20,622 or 38,626) are complemented by known plasmids bearing the Leul gene. 

In addition, vectors derived from the 1 .6 urn circular plasmid pKD 1 can be used for transformation 
of Kluyveromyces yeasts. Bianchi etal., Curr. Genet., 12:185 (1987). More recently, an expression system 
for large-scale production of recombinant calf chymosin was reported for K. lactis. Van den Berg, 
Bio/Technology, 8:135 (1990). Stable multi-copy expression vectors for secretion of mature recombinant 
human serum albumin by industrial strains of Kluyveromyces have also been disclosed. Fleer et al. 
Bio/T echnology, 9:968-975 ( 1 99 1 ). 
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^io» wc»„ ing usua „ y . p(omoler m recoeniml ihe hosi 

P) « *« sa „ ^ „r a s^, gene , 8e „ enl „ y ^ m m l0M bp) ^ coo|nj| : 

and of pa** nilcteic ac „ s „ h _ 

are ^ „„ k ed. Such promoK „ ^ ,„„ ^ ^ ^ ^ 
p,orno,«„ are p „ mole „ ta WliaIe ^ |eve|s of _ mA thejr 

* * «■-— * ■ — y of po.cn.ia, hos, ee„ 5 „ ««„ ..J 

_ m oper*,,, Med 10 0DNFR «.e„c„dU, g DNA o y removn* ,„e promoIe , „ om , he souree DNA 

SZT" diSeMi0n ™ d - ^ P"— «•*-*• «» » vec,„. Bo,h , h , nalive 

GDNFRa ^o.e, s e q „e„ce „ d ma „ y ^ 

_ of*. GDNFRa ON A . he , croloeous _ „ _ ' « 

gre ..«r t,an s c„p,,„„ and », g „er >ieUs of GDNFRa as compared ,„ ,„e GDNFRa p,„ m0 .er 

Prorno.er, suitaWt for use with ^ ^ ^. ^ 

systems (Changer a/„ Mj/wre 275 615 n<mv <~.„„,w-i . / „ P'«moier 
tryptophan (tn» propter system (Goeddel, M.,/e,c ,4 c * *e,, 8:4057 (1980); EP 36J76) an<J ' 
protn^suchasthetac promoter. deBoere,,/., Nati Acad Sci ^ ^ ( 

etlr T,rr ia ' Pr ° m0terS " SUitab ' e; ThCir nUde ° tide SCqUenCeS h3Ve b - P-i*-. 'hereby 
( 980)) usl ng hnkers or adaptors to supp.y any required restriction , aes for 
a.so w.H conta.n a Shine-De.gamo (S.D.) sequence operab.y linked to the DNA encoding GDNFRa 

P ^ fences are known fbreukaryotes. V.rruaHy a., eukaryot.c genes have an AT-nch re gI0n 
7^ Another^! 

be any nuc eot.de. At the 3' end of most eukaryotic genes is an AATAAA sequence that may be the signal for 
addition of the poly A tail to the 3' end of the coding sequence All of the,. « 

into eukaryotic expression vectors. . sequences are su.tably inserted 

Examp.es of suitable promoting sequences for use with yeas, hosts include the promoters for 3- 
ai. J. A*. Ewme Re g ., 7:.49 (.968); HoHand. BiocHen,^ ,7:4900 (,9 78) ). such as eno.ase 

ZTTT osph * e dehydro8enase - h ~' pto d ~- 

g^o e-6-phosphate .somerase, 3-phosphog.ycerate mutase, pyruvate kinase, triosephosphate isomerase 
phosphoglucose isomerase, and glucokinase. " 

ZT l ' Pr ° m0ter rCgi0nS ^ dehydr0genaSe 2 ' cytochrome C. acid 

TT^llT ^ aSSOCi3ted nitr08Cn mCtab0,iSm ' — -^-10, g.yceraldehyde-3- 

oi, r w 

promoters for use ,n yeast expression are further described in EP 73,657. Yeast enhancers also are 
advantageously used with yeast promoters. 
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GDNFRa trans^non from vectors in mammalian host cells is coSKlled, for example, by promoters 
obtained from the genomes of viruses such as polyoma virus, fowlpox virus (UK 2,21 1.504 published 5 July 
1989). adenovirus (such as Adenovirus 2), bovine papilloma virus, avian sarcoma virus, cytomegalovirus, a 
retrovirus. hepatitis-B virus and most preferably Simian Virus 40 (SV40), from heterologous mammalian 
5 promoters, e.g.. the actin promoter or an immunoglobulin promoter, from heat-shock promoters, and from the 
promoter normally associated with the GDNFRa sequence, provided such promoters are compatible with the 
host cell systems. 

The early and late promoters of the SV40 virus are conveniently obtained as an SV40 restriction 
fragment that also contains the SV40 viral origin of replication. Fiers etal. Nature, 273:1 13 (1978); Mulligan 

10 etal. Science, 209:1422-1427 (1980); Pavlakis et al, Proc. Natl. Acad. Sci. USA, 78:7398-7402 (1981). 
The immediate early promoter of the human cytomegalovirus is conveniently obtained as a HindUI E restriction 
fragment. Greenaway et al. Gene, 1 8:355-360 (1982). A system for expressing DNA in mammalian hosts 
using the bovine papilloma virus as a vector is disclosed in U.S. Patent No. 4,419,446. A modification of this 
system is described in U.S. Patent No. 4.601,978. See also Gray et al.. Nature, 295:503-508 (1982) on 

1 5 expressing cDNA encoding immune interferon in monkey cells; Reyes et al. Nature. 297:598-60 1 ( 1 982) on 
express.on of human p-interferon cDNA in mouse cells under the control of a thymidine kinase promoter from 
herpes simplex virus; Canaani e, al, Proc. Natl. Acad Sci. USA, 79:5166-5170 (1982) on expression of the 
human interferon P I gene in cultured mouse and rabbit cells; and Gorman et al. , Proc. Natl Acad Sci USA, 
79:6777-6781 ( 1 982) on expression of bacterial CAT sequences in CV- 1 monkey kidney cells, chicken embryo 
20 fibroblasts, Chinese hamster ovary cells, HeLa cells, and mouse NIH-3T3 cells using the Rous sarcoma virus 
long terminal repeat as a promoter. 

Transcription of a DNA encoding the GDNFRa of this invention by higher eukaryotes is often 
increased by inserting an enhancer sequence into the vector. Enhancers are cis-acting elements of DNA. 
usually about from 10 to 300 bp, that act on a promoter to increase its transcription. Enhancers are relatively 
orientation and position independent, having been found 5' (Laimins et al, Proc. Natl Acad. Sci USA, 
78:993 (1981)) and 3" (Lusky etal, Mol Cell Bio., 3:1 108 (1983)) to the transcription unit, within an intron 
(Banerji et al. Celt, 33:729 (1983)), as well as within the coding sequence itself. Osborne et al. Mol Cell 
Bio., 4: 1293 (1984). Many enhancer sequences are now known from mammalian genes (globin. elastase. 
albumin, a -fetoprotein, and insulin). Typically, however, one will use an enhancer from a eukaryotic cell virus' 
30 Examples include the SV40 enhancer on the late side of the replication origin (bp 100-270). the 
cytomegalovirus early promoter enhancer, the polyoma enhancer on the late side of the replication origin, and 
adenovirus enhancers. See also Yaniv, Nature, 297: 17-. 8 (1982) on enhancing elements for activation of 
eukaryotic promoters. The enhancer may be spliced into the vector at a position 5' or 3" to the GDNFRa- 
encoding sequence, but is preferably located at a site 5' from the promoter. 
35 Expression vectors used in eukaryotic host cells (yeast, fungi, insect, plant, animal, human, or 

nucleated cells from other multicellular organisms) will also contain sequences necessary for the termination 
of transcription and for stabilizing the mRNA. Such sequences are commonly available from the 5' and. 
occasionally 3', untranslated regions of eukaryotic or viral DNAs or cDN As (Crowley et al. Cell 76:1001-101 1 
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(•994) . These reg.ons contain nuc.eotide segments inscribed l^o.yadenylated fragn.en.s in the 
un.ransla.ed portion of the mRNA encoding GDNFRa. 

Construction of suitable vectors containing one or more of the above listed ™ m 

5 form des.red to generate the plasmids required. 'gated ,n the 

««*Jt " * 0-ta " q "" CCS " «"««<•* * natures are used K 

transform £. co/, Ki2 stra.n 2 o 4 (ATCC 3, successful se|ccKd 

•etracyCne resistance wbere appropriate. PIasmid! from , he mnrfomaiiis J J = " " 

10 < l '«Oorb y ,he m c,^„ f .M» am ,, 0 ;.„„^, > ,^ Ww 65 , 199(|98()) *" 0 ' 
Parted uselu, in „, ^ of ^ invemion m 

o^s^ SUm> m mamma '' an of DN A encoding GDNFRa. In general, transient expression involves the use 
of an expression vector tha, is able to replicate efficiently in . „„s, «„, suc „ ,„„ ce „ ^£ 

manycop.esofu.eexpressionvector^d.inrurn.synthesiashighlevelsof.desirM , 1 """" 
<i the expression vector, s^nbrook pp , 6 , 7 ., 6 ,f ' ' ""^ "-"^""^ » 

a suitable expression vector and , host ceU I o v, o r the ^""^ 
encoded by Coned DNAs v,e„ as J, ' / ' idCT " fi ' !i " i0 " "^peptides 

ohvsiolo. , ' CreM,in6 0fS, " :h P<*W»i*. for desired biologic,, or 

phys.olog.c. properties. Thus, transient expression systems are particularly useful in tne , nv e„Z^ 
purposes of identifying analogs and variants of GDNFRa that are bio^ic.lly active GDNFr7 
• . °*« vectors, and host c«„s suitable for adaptation ,o , he synthesis of GDNFRa ,„ 

recomb^ntvenebratecellculturearedescribedinGediinge,,,, Nalure 29 , .„„ ,„ ,, „ „ „ 

0f0DNra « iS ^' E "--)»P-, 6 B. WCI^.pubnsbed^ue ;, 
5 Chi* 'T"-"^'-^.**.* -ors herein are ,b. promote yeas 

«P d M „sed in DD 2 «, 7 ,„ P.blisHed , 2 A p„, „ 89 , —^1^3 
' S^onyce,. One preferred* erf, cloning host ,s £ . c„/, 294 (ATCC 3 1 «6i a„h k „ 

a common bos, strain fp, recombinant DNA fcrni ' J ***** " - 

^..amounts of phytic en^es. For example, s„i„ W3, ,„ may b„ TZl^ 

^complete genotvpeof 27 C 7 is,»^3^ £ „ ^-^P^ s ™ 

- deposited on 30 October „„ in , he Amer , c „ Type ^ Co „„ tio „ J ^ 
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issued 7 August 1990 rna^e employed. Alternatively still, methods of clon^, e.g., PCR or other nucleic acid 
polymerase reactions, are suitable. 

In addition to prokaryotes, eukaryotic microbes such as filamentous ftingi or yeast are suitable cloning 
or expression hosts for GDNFRa -encoding vectors. Saccharomyces cerevisiae, or common baker's yeast, is 
the most commonly used among lower eukaryotic host microorganisms. However, a number of other genera, 
species, and strains are commonly available and useful herein, such as Schizosaccharomyces pomhe (Beach 
etai. Nature. 290:140(1981); EP 139,383 published 2 May 1985); Kluyveromyces hosts (U.S. Patent No. 
4,943,529; Fleer et al, supra) such as, eg., A', lactis (MW98-8C, CBS683, CBS4574; Louvencourt et a!.. J. 
Bacterial, 737(1983)), K. fragil is (ATCC 1.2,424). A' bulgaricus (ATCC 16,045), K mckeramii (ATCC 
24,178), K. waltii (ATCC 56,500), K. drosophilarum (ATCC 36,906; Van den Berg et ai, supra), K 
thermotolerans. and K. marxianus; yarrowia (EP 402.226); Pichia pastoris (EP 1 83,070; Sreekrishna et ai, 
J. Basic MicrobioU 28:265-278 (1988)): Candida; Trichoderma reesia (EP 244,234); Neurospora crassa 
(Caseetal.,Proc. Natl. Acad Sci. £^.76:5259-5263 (1979)); Schwanniomyces such as Schwanniomyces 
occidental (EP 394,538 published 31 October 1990); and filamentous fungi such as, e.g., Neurospora. 
15 Penicillium, Tolypocladium (WO 91/00357 published 10 January 1991), and Aspergillus hosts such as A. 
nidulans (Ballance et ai, Biochem. Biophys. Res. Commun., 1 12:284-289 (1983); Tilburn et ai, Gene, 
26:205-221 (1983); Yelton e/ ai, Proc. Natl. Acad. Sci. USA, 81:1 470- 1 474 ( 1 984)) and A. niger. Kelly 
et at., EMBO J., 4:475-479 (1985). 

Suitable host cells for the expression of glycosylated GDNFRa are derived from multicellular 
20 organisms. Such host cells are capable of complex processing and glycosylation activities. In principle, any 
higher eukaryotic cell culture is workable, whether from vertebrate or invertebrate culture. Examples of 
invertebrate cells include plant and insect cells. Numerous baculoviral strains and variants and corresponding 
permissive insect host cells from hosts such as Spodoptera frugiperda (caterpillar). Aedes aegypti (mosquito), 
Aedes albopictus (mosquito), Drosophiia melanogaster (fhiitfly), and Bombyx mors have been identified. See, 
25 e.g., Luckow etai, Bio/Technology, 6:47-55 ( 1988); Miller et ai, in Genetic Engineering, Setlow et al. , eds., 
Vol. 8 (Plenum Publishing, 1986), pp. 277-279; and Maedae/a/., Nature. 315:592-594 ( 1985). A variety 
of viral strains for transfection are publicly available, e.g., the L- 1 variant of Autographa caltformca NPV and 
the Bm-5 strain of Bombyx m or/ NPV, and such viruses may be used as the virus herein according to the 
present invention, particularly for transfection of Spodoptera frugiperda cells. 
30 PIant cel1 cu ltures of conon. corn, potato, soybean, petunia, tomato, and tobacco can be utilized as 

hosts. Typically, plant cells are transfected by incubation with certain strains of the bacterium Agrobacterium 
tumefaciens, which has been previously manipulated to contain the GDNFRa-encoding DNA. During 
incubation of the plant cell culture with A. tumefaciens, the DNA encoding the GDNFRa is transferred to the 
plant I host such that it is transfected, and will, under appropriate conditions, express the GDNFRa- 
35 encoding DNA. In addition, regulatory and signal sequences compatible with plant cells are available, such 
as the nopaiine synthase promoter and polyadenylation signal sequences. Depicker et aL, J. Mol Appi Gen , 
1:561 (1982). In addition, DNA segments isolated from the upstream region of the T-DNA 780 gene are 
capable of activating or increasing transcription levels of plant-expressible genes in recombinant DNA- 
containing plant tissue. EP 321,196 published 21 June 1989. However, interest has been greatest in vertebrate 
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ce.| Sl and propagatioWvertebrate celis in culture (t.ssue culture) hasSL a routine procedure See e g . 
Ttssue Culture. Academic Press, Kruse and Patterson, editors (,973). Examples of useful mamma.ian host cel. 
hnes are monkey kidney C V , ,« transformed by SV40 (COS-7. ATCC CRL .65 , ); huma n embryon.c kidney 
Ime (293 or 293 cells subcloned for growth in suspension culture. Graham et at . J Gen Virol 36 <9 ( ,977)) 
baby hamster kidney cell, (BHK, ATCC CCL ,0); Chinese hamster ovary ce,.s/-DHFR (CHO Ur,aub „/ ' 
Proc. Natl. Acad. Sci. USA, 77:4216 (1980)); mouse Sertoli cells (TM4, Mather, Biol Reprod 23 243-^ . 
(1980)); monkey kidney ce.ls (CV, ATCC CCL 70); African green monkey kidney cells (VERO-76 ATCC 
CRL- 1 587); human cervical carcinoma cells (HELA. ATCC CCL 2); canine kidney cells (MDCK ATCC CCL 
34); buffa,o rat ,iver ce„s (BRL 3 A, ATCC CRL 1 442); human lung cells ( W , 38. ATCC CCL 75); human liver 
cells (Hep G2. HB 8065); mouse mammary rumor (MMT 060562, ATCC CCL5 1 ); TRI cells (Mather et at. 
Annals N. Y. Acad. Sci., 383:44-68 (.982)); MRC 5 cells; FS4 cell,; and a human hepatoma line (Hep G">) 
Host cells are transfected and preferably transformed with the above-described expression or Coning 
vectors for GDNFRa production and cultured in conventional nutrient media modified as approbate tor 
mducng promoters, se.ecing transforms, or amplifying the genes encoding the desired sequences 

Transfection refers to the taking up of an expression vector by a host cel. whether or no, any coding 
sequences are in fact expressed. Numerous methods of transfection are known to the ordinarily skil.ed artisan 
for example, CaPO, and electroporation. Success*, transfection is generally recognized when any .ndicat.on 
of the operation of this vector occurs within the host cell. 

Transformation means introducing DNA into an organism so that the DNA is replicable. either as an 
extrachromosoma. element or by chromosomal integrant. Depending on the host cel. used, transformation is 
done ustng standard techniques appropriate to such ce.ls. The calcium treatment employe calcium chloride 
as described in section . .82 of Sambrook e, at, supra, or electroporation is generally used for prokarvotes „ 
other cells that contain substantia, ce.l-wall barr.ers. Infection with A,rotacteriu m tumefacens is used for 
transfonr.at.on of certain plan, cells, as described by Shaw etat, Gene. 23:3,5 (.983) and WO 89/05859 • 
published 29 June .989. ,n addit.on, plants may be transfected using u.trasound treatment as described in WO 
91/00358 published 10 January 199J. 

For mammalian cells without such cell wa.ls. the ca.cium phosphate precipitation method of Graham 
et at., Virology. 52:456-457 (.978) is preferred. Genera, aspects of mamma.ian cel. host system 
transformations have been described in U.S. Pat. No. 4.399.2.6 issued ,6 August ,983. Transformers 
30 -ntoyeastaretvpicanycarriedoutaccordingtothemethodofVanSolingene^/.y Baa «30946(,977) 
^^oetal.Proc. Natl. Acad. Sci. ^,76:3829(1979). However, other methods for introducing DNA 
uito cells, such as by nuclear microinjection, electroporation. bacterial protoplast fusion with intact cel.s or 
polycat.ons, e. g ., po.ybrene. po.yornithine, etc., may also be used. For various techniques for transform^ 
^ mammahan cells, see Keown et a,.. Methods ,n Ecology, 1 85:527-537 ( 1 990) and Mansour e, a, Naturl 
35 336:348-352(1988). " 

Prokaryotic cells used to produce the GDNFRa polypeptide of this invention are cultured in suitable 
media as described generally in Sambrook et al. . supra. 

The mammalian host cells used to produce the GDNFRa of this invention may be cultured in a vanety 
of med,a. Commercially available media such as Ham's F,0 (Sigma), Minima, Essent.a, Med.um ((MEM), 



20 



25 



-24- 



BNSDOCID: <WO 97339 12A2J_> 



WO 97/33912 PCT/US97/04363 
Sigma), RPMM640 (^PTa), and Dulbecco's Modified Eagle's Mediuin^DMEM), Sigma) are suitable for 
culturing the host cells. In addition, any of the media described in Ham et al Meth. Enz,, 58:44 (1979). 
Barnes et ai. y Anal. Biochem., 102:255 ( 1 980), U.S. Pat. Nos. 4,767,704; 4,657,866; 4.927,762; 4,560,655: 
or 5.122,469; WO 90/03430; WO 87/00195; or U.S. Patent Re. 30,985 may be used as culture media for the 
host cells. Any of these media may be supplemented as necessary with hormones and/or other growth factors 
(such as insulin, transferrin, or epidermal growth factor), salts (such as sodium chloride, calcium, magnesium, 
and phosphate), buffers (such as HEPES), nucleosides (such as adenosine and thymidine), antibiotics (such as 
GENTAMYCIN drug), trace elements (defined as inorganic compounds usually present at final 
concentrations in the micromolar range), and glucose or an equivalent energy source. Any other necessary 
supplements may also be included at appropriate concentrations that would be known to those skilled in the 
art. The culture conditions, such as temperature, pH, and the like, are those previously used with the host cell 
selected for expression, and will be apparent to the ordinarily skilled artisan. 

In general, principles, protocols, and practical techniques for maximizing the productivity of 
mammalian cell cultures can be found in Mammalian Cell Biotechnology, a Practical Approach. M. Butler, 
ed. (IRL Press. 1991). 

The host cells referred to in this disclosure encompass cells in culture as well as cells that are 
maintained within a host animal. 

Gene amplification and/or expression may be measured in a sample directly, for example, by 
conventional Southern blotting. Northern blotting to quantitate the transcription ofmRNA (Thomas, Proc. 
Natl. Acad. Sci. USA, 77:5201-5205 (1980)). dot blotting (DNA analysis), or in situ hybridization, using an 
appropriately labeled probe, based on the sequences provided herein. Various labels may be employed, most 
commonly radioisotopes, particularly 32 P. However, other techniques may also be employed, such as using 
biotin-modified nucleotides for introduction into a polynucleotide. The biotin then serves as the site for 
binding to avidin or antibodies, which may be labeled with a wide variety of labels, such as radionuclides, 
fluorescers. enzymes, or the like. Alternatively, antibodies may be employed that can recognize specific 
duplexes, including DNA duplexes, RNA duplexes, and DNA-RNA hybrid duplexes or DNA-protein duplexes. 
The antibodies in turn may be labeled and the assay may be carried out where the duplex is bound to a surface, 
so that upon the formation of duplex on the surface, the presence of antibody bound to the duplex can be 
detected. 

Gene expression, alternatively, can be measured by immunological methods, such as 
immunohistochemical staining of tissue sections and assay of cell culture or body fluids, to quantitate directly 
the expression of gene product. With immunohistochemical staining techniques, a cell sample is prepared, 
typically by dehydration and fixation, followed by reaction with labeled antibodies specific for the gene product 
coupled, where the labels are usually visually detectable, such as enzymatic labels, fluorescent labels, 
luminescent labels, and the like. A particularly sensitive staining technique suitable for use in the present 
invention is described by Hsu et al. Am. J. Clin. Path., 75:734-738 ( 1 980). 

Antibodies useful for immunohistochemical staining and/or assay of sample fluids may be either 
monoclonal or polyclonal, and may be prepared as described herein. 
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GDNFRa ^, GDNFRa CCD, preferably i, recovered ,h. culture medium as , secreted 
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«c„be re , ca 3ed from ,he m e™b,„ e „ !i „ easutabledTOfgcn ,„, ution( ^ Tr . on x ](w) 
5 como, , ^l"* 11 GDNFRa is produced in a recombinant cell other than one of human origin, the GDNFRa is 
ZtlTr Pro '" S ""~° rh "™ 0ri6ln ' ^ owever ' ' s necessary to purify GDNFRa f™, 

GDNFR ' ? *» " becentrifuged toremove part.culate cel, debet, 

pTeLr! Th" '""^ ^ COmamman ' *"* Pr0tti " S '" d "* - «"-*. 

procedures . wh.ch arcexcmpla^ 0 f suitable purification procedures, by fractionation „„ ,„ i„„.cxeh,„g 

.0 -luntn; e*a„o, precipitation; reverse ^ HPLC; chron , a , og „ p „ y „ ^ c _ cus ^ 
unmunoaffir,,* epitope^ bin d„ e resin; SDS . PAGE; su , fate fi , ' 

for example. Sephadex C7* and protein A Sepharose columns to remove contaminants such as , 6 G 

GDNFRa variants in which residues have teen deleted, inserted, or substituted are recovered in the 
fash,™ as native seouenee GDNFRa, taking accent of any substantia, changes in proxies occasioned 

ZZ^7 '~^^~^-00^ resin.c.nbeemployedtoabsorb 
the GDNFRa variant by binding it to at least one remaining epitope 

A protease inhibitor such as pheny, methy, sulfony, nuoride (PMSF, aiso may be usefu, „ .nhibi, 
proteolytic degradation during purification, and antibiotics may be inCuded to prevent ,b. grow* of 

adventitious contaminants. 

Bo* native secucnce GDNFRa «. amino acid .eouenc. variants of ,h. GDNFRa may be covai.ntiv 
modtned. One type of eov.len, modification of the GDNFRa is induced int. the molecule by reacting 

N-termmal residue, the C-termin,l residue, o, with selected side chains 

" aschlo ^T^™'^^ 

««i-"^^ c 

ZT^ZTT^ * '~ ,C " bro ™*~ "•n»n,o- e . (5 ,mido 2 oy 1| p,op,o„,c acid 
h Z: h ^ -* -Py-dy, disulfide. ^ 

'»'»'--«-nbe„ z oa,e. 2 -ch l oromcrcu, i .4-„,„ophen„ l .o,chtoro-,.„i n , 1 « nJ0 . 2 . <>Xi ,, a-d^o.e 

Htsttdy, residues are derived by reaction with dietnylpyrocarbonate „ pH 5.5-7.0 because this 
agent « re a „ve,y specific fo, the histidy, side chain. Para-bromo^cy, bromide also is useM ; the action 
ts preferably performed in 0.1 M sodium cacodylate at pH 6.0. 

Deriva - ' ^ S ' n ^' " 1 ^ an, ' n ° ,erm ' na ' res ' aucs are reacted with succinic or other carboxylic acid anhydrides. 

7 <•** - as methy, picolmin.id.te. 

pynd.x.l phosphate, pyridoxal. chloroborohydride. «n,tr„be„„„esu,,o„,c acid, O-methyUsourea 14 . 
pentanedione, and transaminase-calalyred reaction with glyoxylale. 

Arginyl residues are modified by reaction wi* one or severa! convention,, reagents, among them 
Phenylglyoxa,, 2 , 3 -bu,a„,dioue. , . 2 ,yc,ohexa„edio„e, and ninhydrin. Derive ol ^ nlm £Z 
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requires that the reactioWe performed under alkaline conditions becaus^f the high pK a of the guanidine 
functional group. Furthermore, these reagents may react with the groups of lysine as well as with the arginine 
epsilon-amino group. 

The specific modification of tyrosyl residues may be made, with particular interest in introducing 
spectral labels into tyrosyl residues by reaction with aromatic diazonium compounds or tetranitromethane. 
Most commonly, N-acerylimidizole and tetranitromethane are used to form O-acetyl tyrosyl species and 3-nitro 
derivatives, respectively. Tyrosyl residues are iodinated using ,25 I or 131 1 to prepare labeled proteins for use 
in radioimmunoassay, the chloramine T method being suitable. 

Carboxyl side groups (asparryl or glutamyl) are selectively modified by reaction with carbodiimides 
(R-N=C=N-R-), where R and R* are different alkyl groups, such as l-cyclohexyl-3-(2-morpholinyl-4-ethyl) 
carbodiimide or l-ethyl-3-(4-azonia-4,4-dimethylpenryl) carbodiimide. Furthermore, aspartyl and glutamyl 
residues are converted to asparaginyl and glutaminyl residues by reaction with ammonium ions. 

Derealization with bifunctional agents is useful for crosslinking GDNFRcc to a water-insoluble 
support matrix or surface for use in the method for purifying anti-GDNFRa antibodies, and vice-versa. 
Commonly used crosslinking agents include, e.g., l.l-bis(diazoacetyl)-2-phenylethane, glutaraldchyde, N- 
hydroxysuccinimide esters, for example, esters with 4-azidosalicylic acid, homobifunctional imidoesters, 
including disuccinimidyl esters such as 3,3 , -dithiobis(succinimidylpropionate), and bifunctional maleimides 
such as bis-N-maleimido-I.8-octane. Derivatizing agents such as methyl-3-((p-azidophenyl)dithio)propioimi- 
date yield photoactivatable intermediates that are capable of forming crosslinks in the presence of light. 
Alternatively, reactive water-insoluble matrices such as cyanogen bromide-activated carbohydrates and the 
reactive substrates described in U.S. Patent Nos. 3.969,287; 3,69 1 ,01 6; 4, 1 95. 1 28; 4,247.642; 4.229,537; and 
4,330,440 are employed for protein immobilization. 

Glutaminyl and asparaginyl residues are frequently deamidated to the corresponding glutamyl and 
aspartyl residues, respectively. These residues are deamidated under neutral or basic conditions. The 
deamidated form of these residues falls within the scope of this invention. 

Other modifications include hydroxylation of proline and lysine, phosphorylation of hydroxy I groups 
of seryl or threonyl residues, methylation of the a-amino groups of lysine, arginine. and histidme side chains 
(T.E. Creighton, Proteins: Structure and Molecular Properties, W.H. Freeman & Co.. San Francisco, pp. 
79-86 (1983)), acetylation of the N-terminal amine, and amidation of any C-terminal carboxyl group 

Another type of covalent modification of the GDNFRa polypeptide included within the scope of this 
invention comprises altering the native glycosylate pattern of the polypeptide. By altering is meant deleting 
one or more carbohydrate moieties found in native GDNFRa, and/or adding one or more glycosylate sites 
that are not present in the native GDNFRa . 

Glycosylate of polypeptides is typically either N-linked or O-linked. N-linked refers to the 
attachment of the carbohydrate moiety to the side chain of an asparagine residue. The tripeptide sequences 
asparagine-X-serine and asparagine-X-threonine. where X is any amino acid except proline, are the recognition 
sequences for enzymatic attachment of the carbohydrate moiety to the asparagine side chain Iluis. the 
presence of either of these tripeptide sequences in a polypeptide creates a potential glycosylation site ( Minkcd 
glycosylation refers to the attachment of one of the sugars N-aceylgalactosamine, galactose, or xylose to a 
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This inventiodWompasses chimeric polypeptides comprising^toNFRa fused to a heterologous 
polypeptide. A chimeric GDNFRa is one type of GDNFRo variant as defined herein. In one preferred 
embodiment, the chimeric polypeptide comprises a fusion of the GDNFRot with a tag polypeptide which 
provides an epitope to which an anti-tag antibody or molecule can selectively bind. The epitope-tag is 
generally provided at the amino- or carboxyl- terminus of the GDNFRa. Such epitope-tagged forms of the 
GDNFRa are desirable, as the presence thereof can be detected using a labeled antibody against the tag 
polypeptide. Also, provision of the epitope tag enables the GDNFRo to be readily purified by affinity 
purification using the anti-tag antibody. Affinity purification techniques and diagnostic assays involving 
antibodies are described later herein. 

Tag polypeptides and their respective antibodies are well known in the art. Examples include the flu 
HA tag polypeptide and its antibody 12CA5 (Field et al., Mol. Cell Biol., 8:2159-2165 (1988)); the c-mvc 
tag and the 8F9, 3C7, 6E10, G4. B7 and 9E 1 0 antibodies thereto (Evan et al.. Molecular and Cellular Biology 
5.3610-3616 (1985)); and the Herpes Simplex vims glycoprotein D (gD) tag and its antibody. Paborsky e, al. 
Protein Engineering, 3(6):547-553 (1990). Other tag polypeptides have been d.sciosed. Examples include 
the Flag-peptide (Hopp et al.. BioTechnology, 6: 1 204- 12 1 0 ( 1 988)); the KT3 epitope peptide (Martin et al.. 
Science. 255: 192- 194 (1992)); an a-tubulin epitope peptide (Skinner era/., 7. Biol. Chem., 266: 15163-15166 
(1991)); and the T7 gene 10 protein peptide tag. Lutz-Freyermuth et al, Proc. Natl. Acad. Sci. USA. 
87:6393-6397 (1990). Once the tag polypeptide has been selected, an antibody thereto can be generated using 
the techniques disclosed herein. A C-terminal poly-histidine sequence tag is preferred. Polv-histidine 
sequences allow isolation of the tagged protein by Ni-NTA chromatography as described (Lindsay et al. 
Neuron 17:571-574 (1996)), for example. 

The general methods suitable for the construction and production of epitope-tagged GDNFRa are the 
same as those disclosed hereinabove. GDNFRce-tag polypeptide fusions are most conveniently constructed 
by fusing the cDNA sequence encoding the GDNFRa portion in-frame to the tag polypeptide DNA sequence 
and expressing the resultant DNA fusion construct in appropriate host cells. Ordinarily, when preparing-the 
GDNFRa-tag polypeptide chimeras of the present invention, nucleic acid encoding the GDNFRa will be fused 
at its 3' end to nucleic acid encoding the N-terminus of the tag polypeptide, however 5' fusions are also 
possible. 

Epitope-tagged GDNFRa can be conveniently purified by affinity chromatography using the anti-tag 
anfbody. The matrix to which the affinity antibody is attached is most often agarose, but other matrices arl 
ava,lable (e.g. controlled pore glass or poly(styrenedivinyl)be nZ ene). The ep.tope-tagged GDNFRa can be 
eluted from the affinity column by varying the buffer pH or ionic strength or adding chaotropic agents, for 
example. 

Chimeras constructed from a receptor sequence linked to an appropriate immunoglobulin constant 
domam sequence (immunoadhesins) are known in the an. Immunoadhesins reported in the literature include 
fusions of the T cell receptor* (Gascoigne e, «/., Proc. Natl.Acad. Sci. USA, 84: 2936-2940 (1987))- CD4* 
(Capon et al.. Nature 337: 525-531 (1989); Traunecker et al.. Nature. 339. 68-70 (1989); Zettmeissl e, at. 
DNA Cell Biol. USA, 9: 347-353 (.990); Byrn et al.. Nature, 344: 667-670 (1990)); L-selec,in (homino 
receptor)((Watson e /a/.,J Cell. Biol, 1 10:2221-2229 (.990); Watson et al.. Nature, 349: .64-167(1991)): 
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CD44 (An,flb*« t ^ 6I:13 03..313(1990)>;CK8*^B7\Lllt rtfl |..a ^. *W I73 72N 

730(.99.)):CTLA-4 (Lis.ey e, aL, J. E* P . M ed . ,74: 56.-569 (.99. )) ; CD22* (Stamenko vie e, a, Cell 
66:1133-, ,44 ( l 991));TNFrecep,or(Ashkena 2 i e , 0 /..^ c . „ a ,, Acad Sc , USA 88 . I053 ,. 1O539 ' 
(1991); Lesslauer ,. /— o/ , 27: 2883-2886 (1991 ); Peppel e,a/. 7 ^ l74 . |483 

S 1489(.991));NPrecep«ors(Benne rtt ., a /^. CAaB . 266:23060-23067 (.99,)); and , g E receptor « ' 

(Ridgway*,.,., ce//. „5:abst, ,448 (.991), where the aster.sk (*) ind.cates that the receptor is 

member of the immunoglobulin superfamily. 

Tne simp.es, and mos, stra.ghtforward immunoadhesin design combines the binding region(s) of the 
"adhestn" protein with the h.nge and Fc regions of an immunog.obu.in heavy chain. Ordinary when 
• preparing the GDNFRa-immunoglobu.in chimeras of the present invents, nucleic acid encoding the 
extracel.u.ar domain of the GDNFRa wi„ be fused C-termina.ly to nucleic acid encoding the N-terminus of 
an .mmunoglobu.in consent domain sequence, however N-terminal fusions are also possible 

Typically, in such fusions the encoded chimeric polypeptide wi„ retain a, least functional.y act.ve 
htnge and CH2 and CH3 domains of the constant region of an immunog.obu.in heavy chain. Fusions are also 
made to the C-terminus of the Fc portion of a constant doma.n. or immediately N-,erminal to the CH, of the 
heavy chain or the corresponding region of the light chain. 

The precise site a, which the fusion is made is not critica.; particular sites are well known and may 
be selected ,n order to optimize the biological activity, secretion or binding characteristics of the GDNFRa- 
immunoglobulin chimeras. 

In some embodiments, the GDNFRa-immunoglobu.in chimeras are assembled as monomers or 
hetero- or homo-multimer. and particularly as dimers or letramers, essentially as illustrated in WO 91/08298 

In a preferred embodiment, the GDNFRa extracellular domain sequence is fused to the N-terminus 
of the C-termma. portion of an antibody (in particular the Fc domain), containing the effector funct.ons of an 
—globulin. e . g . unmunog.obu.inG, (, g Gl). ,t is possib.e to ft.se the enure heavy chain constant region 
to the GDNFRa extracel.u.ar domain sequence. However, more preferab.y. a sequence beginning in the h.nge 
reg,on just upstream of the papain cleavage site (which def.nes FgG Fc chemically; residue 2 1 6. taking the firs, 
res,due of heavy chain constant region to be . .4, or analogous sites of other immunog.obu.ins) is used in the 
rus.on. ,n a particularly preferred embodiment, the GDNFRa ammo acid sequence is fused to the htnge region 
and CH2 and CH3, or to the CH 1 , htnge, CH2 and CH3 domatns of an IgG ., l g G2, or ,gG3 heavy chatn The 
precse site a, which the fusion is made ,s not critic* and the optima, she can be determined by routine 
experimentation. 

In some embodiments, the GDNFRa-immunoglobu.in chimeras are assembled as mu.timer and 
part.cu.arly as homo-dimers or -tetramers. Generally, these assembled immunog.obuhns will have known unit " 
structures. A basic four chain structural unit ,s the form in which ,gG. IgD, and IgE exist. A four unit is 
repeated tn the higher mo.ecular weigh, immunog.obu.ins; IgM genera.ly exists as a pentamer of basic four 
un.ts held together by disulfide bonds. IgA g.obu.in, and occasionally IgG globulin, may also exist in 
mult.menc form in serum. In the case of multimer, each four unit may be the same or different 

Alternatively, the GDNFRa extracellular domam sequence can be inserted between immunog.obu.in 
heavy cha.n and light chain sequences such that an immunoglobu.in comprising a chimeric heavy chain is 
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obtained. In this embodinWt, the GDNFRa sequence is fused to the 3' eno^Kn immunoglobulin heavy chain 
in each arm of an immunoglobulin, either between the hinge and the CH2 domain, or between the CH2 and 
CH3 domains. Similar constructs have been reported by Hoogenboom et at \ MoL Immunol., 28: 1027- 1037 
(1991). 

. Although the presence of an immunoglobulin light chain is not required in the immunoadhesins of the 
present invention, an immunoglobulin light chain might be present either covalently associated to an GDNFRa - 
immunoglobulin heavy chain fusion polypeptide, or directly fused to the GDNFRa extracellular domain. In 
the former case, DNA encoding an immunoglobulin light chain is typically coexpressed with the DNA 
encoding the GDNFRa -immunoglobulin heavy chain fusion protein. Upon secretion, the hybrid heavy chain 
and the light chain will be covalently associated to provide an immunoglobulin-like structure comprising two 
disulfide-linked immunoglobulin heavy chain-light chain pairs. Methods suitable for the preparation of such 
structures are, for example, disclosed in U.S. Patent No. 4,8 16,567, issued 28 March 1989. 

In a preferred embodiment, the immunoglobulin sequences used in the construction of the 
immunoadhesins of the present invention are from an IgG immunoglobulin heavy chain constant domain. For 
human immunoadhesins, the use of human IgGI and IgG3 immunoglobulin sequences is preferred. A major 
advantage of using IgGI is that IgGI immunoadhesins can be purified efficiently on immobilized protein A. 
In contrast, purification of IgG3 requires protein G, a significantly less versatile medium. However, other 
structural and functional properties of immunoglobulins should be considered when choosing the Ig fusion 
partner for a particular immunoadhesin construction. For example, the IgG3 hinge is longer and more flexible, 
so it can accommodate larger adhesin domains that may not fold or function properly when fused to IgG 1 . 
Another consideration may be valency; IgG immunoadhesins are bivalent homodimers, whereas Ig subtypes 
like IgA and IgM may give rise to dimeric or pentameric structures, respectively, of the basic Ig homodimer 
unit. For GDNFRa immunoadhesins designed for in vivo application, the pharmacokinetic properties and the 
effector functions specified by the Fc region are important as well. Although IgG I , IgG2 and IgG4 all have 
in vivo half-lives of 2 1 days, their relative potencies at activating the complement system are different. lgG4 
does not activate complement, and IgG 2 is significantly weaker at complement activation than IgGI. 
Moreover, unlike IgG 1, IgG2 does not bind to Fc receptors on mononuclear cells or neutrophils. While IgG3 
is optimal for complement activation, its in vivo half-life is approximately one third of the other IgG isotypes. 
Another important consideration for immunoadhesins designed to be used as human therapeutics is the number 
of allotypic variants of the particular isotype. In general, IgG isotypes with fewer serologically-defined 
allotypes are preferred. For example, IgG I has only four serologically-defined allotypic sites, two of which 
(G 1 m and 2) are located in the Fc region; and one of these sites G 1 m I , is non-immunogenic. In contrast, there 
are 12 serologically-defined allotypes in lgG3, all of which are in the Fc region; only three of these sites 
(G3m5, 1 1 and 21) have one allotype which is nonimmunogenic. Thus, the potential immunogenic^ of a y3 
immunoadhesin is greater than that of a y I immunoadhesin. 

With respect to the parental immunoglobulin, a useful joining point is just upstream of the cysteines 
of the hinge that form the disulfide bonds between the two heavy chains. In a frequently used design, the codon 
for the C-terminal residue of the GDNFRa part of the molecule is placed directly upstream of the codons for 
the sequence DKTHTCPPCP of the IgGI hinge region. 
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is most often agarose, but^Kr matrices are available. Mechanically stable^itrices such as controlled pore 
glass or poly(sryrenedivinyl)benzene allow for faster flow rates and shorter processing times than can be 
achieved with agarose. The conditions for binding an immunoadhesin to the protein A or G affinity column 
are dictated entirely by the characteristics of the Fc domain; that is, its species and isotype. Generally, when 
the proper ligand is chosen, efficient binding occurs directly from unconditioned culture fluid. One 
distinguishing feature of immunoadhesins is that, for human y I molecules, the binding capacity for protein A 
is somewhat diminished relative to an antibody of the same Fc type. Bound immunoadhesin can be efficiently 
eluted either at acidic pH (at or above 3.0), or in a neutral pH buffer containing a mildly chaotropic salt This 
affinity chromatography step can result in an immunoadhesin preparation that is >95% pure. 

Other methods known in the art can be used in place of, or in addition to, affinity chromatography on 
protein A or G to purify immunoadhesins. Immunoadhesins behave similarly to antibodies in thiophilic gel 
chromatography (Hutchens et al.. Anal. Biochem., 159:217-226 (1986)) and immobilized metal chelate 
chromatography (Al-Mashikhi et at.. J. Dairy Sci.,l\:\ 756- 1 763 (1988)). In contrast to antibodies, however, 
their behavior on ion exchange columns is dictated not only by their isoelectric points, but also by a charge 
1 5 dipole that may exist in the molecules due to their chimeric nature. 

If desired, the immunoadhesins can be made bispecific. Thus, the immunoadhesins of the present 
invention may combine a GDNFRcc extracellular domain and a domain, such as the extracellular domain, of 
another cytokine or neurotrophic factor receptor subunit. Exemplary cytokine receptors from which such 
bispecific immunoadhesin molecules can be made include TPO (or mpl ligand), EPO, G-CSF, IL-4, IL-7, GH, 
PRL, IL-3. GM-CSF. IL-5. IL-6, L1F, OSM, CNTF, and IL-2 receptors. For bispecific molecules, trimeric 
molecules, composed of a chimeric antibody heavy chain in one arm and a chimeric antibody heavy chain-light 
chain pair in the other arm of their antibody-like structure are advantageous, due to ease of purification. In 
contrast to antibody-producing quadromas traditionally used for the production of bispecific immunoadhesins. 
which produce a mixture of ten tetramers. cells transfected with nucleic acid encoding the three chains of a 
trimeric immunoadhesin structure produce a mixture of only three molecules, and purification of the desired 
product from this mixture is correspondingly easier. 

The GDNFRoc protein and GDNFRcc gene (and GDNF and GDNF gene) are believed to find ex vivo 
or in vivo therapeutic use for administration to a mammal, particularly humans, in the treatment of diseases or 
disorders, related to GDNF activity or benefited by GDNF-responsiveness. Conditions particularly amenable 
to treatment with the embodiments of the invention are those related to Ret expression or that benefit by Ret 
activation, particularly of the downstream pathways mediated by Ret. Particularly preferred are neurologic 
disorders, preferably central nervous system disorders, disorders of the kidney, hematopoietic disorders related 
to the spleen, and enteric nervous system disorders. In one embodiment the patient is administered an effective 
amount of GDNFRoc, GDNF, or agonist thereof, or active peptide fragment or variant thereof. The present 
invention also provides for pharmaceutical compositions comprising GDNFRcc, GDNF, or agonist thereof, or 
active peptide fragment or derivative, in a suitable pharmacologic carrier, The material may be administered 
systemically or locally. Applicable to the methods taught herein, the receptor protein can be optionally 
administered prior to, after, or preferably concomitantly with (or in complex with) GDNF or other GDNFRcc 
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to a patient in need of sucroeatment the compounds of the invention. Muserccell disorders which may benefit 
from such treatment include but are not limited to the following progressive muscular dystrophies: Duchenne. 
Becker, Emery- Drei fuss, Landouzy-Dejerine, scapulohumeral, limb-girdle. Von Graefe-Fuchs, 
oculopharyngeal, myotonic and congenital. In addition, such molecules may be of use in the treatment of 
congenital (central core, nemaline, centronuclear and congenital fiber-type disproportion) and acquired (toxic, 
inflammatory) myopathies. 

In a further embodiment of the invention, patients that suffer from an excess of GDNFR, 
hypersensitivity to GDNF, excess GDNF, etc. may be treated by administering an effective amount of 
anti-sense RNA or anti-sense oligodeoxyribonucleotides corresponding to the GDNFR gene coding region 
thereby decreasing expression of GDNFR. 

The compounds and methods of the invention can have use in conditions associated with a decrease 
in hematopoietic cells. Examples of these diseases include: anemia (including macrocytic and aplastic anemia); 
thrombocytopenia; hypoplasia; disseminated intravascular coagulation (DIG); myelodysplasia; immune 
(autoimmune) thrombocytopenic purpura (FTP); and HIV induced 1TP. Additionally, GDNF and GDNFRa 
molecules may be useful in treating myeloproliferative thrombocytotic diseases as well as thrombocytosis from 
inflammatory conditions and in iron deficiency. GDNF and GDNFRa, which lead to an increase in 
hematopoietic cell proliferation, can also be used to enhance repopulation of mature blood cell lineages in cells 
having undergone chemo- or radiation therapy or bone marrow transplantation therapy. Generally, the GDNF 
and GDNFRa molecules are expected to lead to an enhancement of the proliferation and/or differentiation (but 
especially proliferation) of hematopoietic cells. Preferred embodiments provide for treatment to enhance 
hematopoiesis occurring in the spleen. 

Other potential therapeutic applications for GDNF and GDNFRa, and their genes, include treatment 
to promote kidney or liver cell growth, survival, and repair, including are treatment for kidney diseases and 
disorders. For example, acute renal failure refers to the abrupt disruption of previously normal kidney function. 
This serious clinical condition can result from a wide variety of mechanisms including circulatory failure 
(shock), vascular blockage, glomerulonephritis, and obstruction to urine flow. Acute renal failure frequently 
arises as a complication of abdominal or vascular surgery. Also, low birth weight, high-risk neonates, which 
may now survive lung and heart problems due to continued improvements in prenatal care, may die from 
complications of acute renal failure caused by infection or drug toxicity. Of particular clinical importance arc 
cases of acute renal failure associated with trauma, sepsis, postoperative complications, or medication, 
particularly antibiotics. In particular, the compounds of the invention find use in etiologies, directly or 
indirectly, related to dysfunction of the enteric nervous system or renal system. Specific conditions affecting 
the GI include but are not limited to Achalasia, Esophageal spasm, Scleroderma (related to muscular atrophy 
of the smooth muscle portion of the esophagus, weakness of contraction of the lower two-thirds of the 
esophageal body, and incompetence of the lower esophageal sphincter, but also caused by treatment with 
immunosuppressive agents), disorders such as duodenal ulcer, Zollinger-Ellison Syndrome (hypersecretion of 
acid caused by factors including genetic factors, smoking, neural influences), hypersecretion of gastric acid, 
malabsorptive disorder for example, in diabetes (and hypoparathyroidism, hyperthyroidism, and adrenal 
insufficiency) where gastric atony, nausea, vomiting, etc. are at least in part related to dysfunction of the 
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sy.pathetic/parasyaPThetic nervous system. Additiona, disordersWude disorders of intestina, motility 
.nc.ud.ng: d.verticulosis/diverticu.itis; Hirschsprung's disease (a congenita, disorder caused by absence of 
gang, lon ce „ s (Meissner, and Auerbach's plexuses) jn , segmen( ^ ^ ^ ^ ^ 

anus .yp ca, ly presented .n infants, bu, in ,ess severe cases. may no, be diagnosed unti, ado.escence or ear.v 
adulthood; megacolon of other types (Hirschspnmg, ls a ^ of .negaco.on); incest.na, pseudo-obstruct.on 
acute or clonic.- which is a severe dysmoti.ity due to abnormalities of sympathetic innervation of the musc.e' 
ayers of the mtest.ne. or secondarily may resu.t from sc.eroderma, diabetes, amyloidosis, other neuro.og.c 
d-seases, dn,gs. or sepsis; and, chronic constipation, which is a serious prob.em ,n patients with nJa, 
- retain or neurotica! disease, wherein a contributing factor is disordered gut motility. Additiona, 
co^s-nc^^ 

sys em Gu,, a,n Barre syndrome; Multip.e Xerosis; Pandysautonomia (dysfunction of autonomic nervous 
system); Parkinsonism (fluently assocjated with d.sordered gastrointestina. moti.ity); Mu.ti P ,e System 
^phyCShyOragerS^ 

The necrosis or damage of GDNFR-expressing or GDNF-respons.ve tissue treatable with the 
compositions and '^ods provided herein, inc.udes necrosis due to microbio.ogic or vira. infects 
v«l epat.t.s, tuberculosis, typhoid fever, tu.aremia, bruceHosis. yellow fever, and the like, or necrosis due 

20 tTn * T reSUUin8 ^ ^ fai ' Ure - " d ^ " ke ' ° r " eCrOSiS duC to aCUte ° r ^ -con 
w,th drugs and toxic substances such as chemotherapies, chloroform, carbon tetrachloride, phosphorous 

po.son.ng, and the ,«ce. As taught herein, the compositions and methods of the invention are useful to trea, 
kidney diseases by providing ce.,u,ar growth enhancement, including that of rena, cells such as rena, epithe.ia, 
cells and neurons innervating the kidney. Tne compounds and methods of the present invention provide for 
me repair of kidney damage. Not to .be bound by theory, it is be.ieved that this can be accomp.ished. either 
d-recty or md.rect.y, by stimulating kidney cells, inc.uding innervating neurons, to grow and div.de 
According a method for rcgenerating kjdney tissue , ^ ^ ^ ^ ^ ^ ^ • 

agonist (e.g. so.ub.e GDNFRo optiona.ly complexed with GDNF) as disclosed herein, optional ,n 
combination with a pharntaco.og.caUy acceptable carrier or additional growth factor or cytokine 'and 
contacting me k.dney t.ssue with the composition A therapeutic amount of the composition is administered 
Localued injections or imp.ants are a preferred delivery method. Alternative*, damaged kidneys could be 
removed, treated ex vivo, and returned to the host after the kidney is repaired 

as he temporary removal of blood from a patient for the purpose of extracting or separating toxins therefrom 
and the return of the cleansed blood to the same pat.ent. Hemodialysis is indicated in patients where rena, 

Z'TT " faHUre CXiStS - ,Hat * m C3SeS WhCre b,0 ° d iS " 0t b ^ ^ or sufficient* cleansed 
particularly lo remove water) by the kidneys. ,„ the case of chrome rena, impairment or failure. hemodia.ysK 
ha, ,o be carried out on a repetitive basis. For example, in end stage kidney disease where transp.antation of 
k.dneys ,s not possible or is contra-ind.cated, the patient wi.l have to be dialyzed about ,00 to ,50 times per 
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The invention r^Euse in disorders or conditions that can resuh^Wcidney damage. The invention 
finds use in some immunosuppressive therapies where there is the side-effect of kidney damage, for example, 
in therapy of IDDM in humans by methods designed to suppress the autoimmune response. Therapy utilizing 
cyclosporin A in diabetes can result in kidney damage. Diabetes can result in the typical late damages of blood 
vessels of the kidneys. Other examples include immunologically- or non-immunologically-caused kidney 
diseases, such as e.g. glomerulonephritis, acute kidney failure, transplant rejection and kidney damage caused 
by nephrotic substances, kidney transplants, toxic damage to the kidneys. Furthermore, the present invention 
finds use in organ transplantation, including organ transport for storing any organ enucleated from a donor to 
insure the protection of the organ at the time of its transplantation, minimizing any trouble occurring until the 
transplantation operation, and to ensure the preservation of said organ in a good condition. The organ is one 
having GDNFR-bearing or GDNF-responsive cells. In one specific preferred embodiment, the organ is the 
kidney. Use or intervention with GDNFR agonist, including GDNF, promises success with regard to the 
maintenance of the kidney function. 

As discussed herein, an object of the invention to provide methods for treatment of mammals with 
dysfunctional gastrointestinal muscle or disorders of smooth muscles elsewhere in the body The 
gastrointestinal muscle is organized and regulated very differently than muscle elsewhere. Both skeletal and 
smooth muscle in the gastrointestinal tract are under the control of the enteric nervous system which .s an 
extremely complex network of nerves and muscles, that resides within the gastrointestinal wall and orchestrates 
the entire digestive process including motility, secretion and absorption. The enteric nerves are also organized 
into interconnected networks called plexuses. Of these, the myenteric plexus, situated between the circular and 
longitudinal muscle layers, is the main modulator of gastrointestinal motility. It receives input from both the 
central nervous system (via vagal and sympathetic pathways) as well as from local reflex pathways Its output 
consists of both inhibitory and excitatory signals to the adjacent muscle. The final neural pathway regulating 
muscle activity in the gastrointestinal tract is therefore represented by the neurons of the myenteric plexus. A 
useful, if somewhat simplistic concept is to visualize net muscle tone in the gastrointestinal tract as-that 
resulting from the balance between the opposing effects of two neuronal systems in the myenteric plexus-one 
causing the muscle to contract (mainly via acetylcholine) and the other causing it to relax. Both .> pes of 
neurons, however, are activated by acetylcholine within the myenteric plexus. The role of acetylcholine m the 
regulation of gastrointestinal muscle tone is therefore complex. Acetylcholine directly released by effector 
nerves near the muscle causes contraction; however, within the plexus, it may result in inhibition or excitation. 
This is in contrast to skeletal muscle outside the gastrointestinal tract which is directly innervated by nerv es 
emanating from the central nervous system. The interaction between nerve and muscle in skeletal muscle 
outside the gastrointestinal tract is far more simple: nerves release acetylcholine which causes the muscle to 
contract. Finally, the myenteric plexus is probably the most important but not the only determinant of muscle 
tone in the gastrointestinal tract. In fact, basal smooth muscle tone may be visualized as resulting from the sun, 
of many different factors including intrinsic (myogenic) tone, and circulating hormones, in addition to nerve 
activity. As indicated in the examples, GDNFR is found in the Gl muscles and innervating neurons 
Consequently, the present invention provides compositions, methods, and devices for treatment of 
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intracellular half-life. TlWechnique of receptor-mediated endocytosis is de^ibed, for example, by Wu et al % 
J. Biol. Chem., 262:4429-4432 (1987); and Wagner et aL. Proc. NatL Acad. Sci. OSX, 87:3410-3414 
(1990). For review of the currently known gene marking and gene therapy protocols see Anderson et.al.. 
Science, 256:808-813 (1992). 
5 The invention also provides antagonists of GDNFRa activation (e.g., GDNFRot anlisense nucleic 

acid, neutralizing antibodies). Administration of GDNFRa antagonist to a mammal having increased or 
excessive levels of endogenous GDNFRa activation is contemplated, preferably in the situation where such 
increased levels of GDNFRa or Ret activation lead to a pathological disorder. 

In one embodiment, GDNFRa antagonist molecules may be used to bind endogenous ligand in the 
10 body, thereby causing desensitized GDNFRa to become responsive to GDNF ligand, especially when the 
levels of GDNF ligand in the serum exceed normal physiological levels. Also, it may be beneficial to bind 
endogenous GDNF ligand which is activating undesired cellular responses (such as proliferation of GDNFR- 
expressing tumor cells). 

Pharmaceutical compositions of soluble GDNFRa can further include a GDNF or other GDNFRa - 
binding agonist. Such dual compositions, e.g. containing a GDNF/GDNFRa complex, may be beneficial 
where it is therapeutically useful to prolong half-life of GDNF, provide a slow-release reservoir for GDNF, 
activate endogenous GDNFRa or Ret, and/or to supplement the lack of GDNFRa in a target Ret-expressing 
cell, thereby rendering the cell responsive to GDNF. 

Therapeutic formulations of GDNFRa, GDNF, or agonist thereof, are prepared for storage by mixing 
GDNFRa, GDNF, or agonist thereof, having the desired degree of purity with optional physiologically, 
acceptable carriers, excipients, or stabilizers (Remington's Pharmaceutical Sciences, 16th edition. Osol, A., 
Ed., (1980)), in the form of lyophilized cake or aqueous solutions. Acceptable carriers, excipients, or 
stabilizers are nontoxic to recipients at the dosages and concentrations employed, and include buffers such as 
phosphate, citrate, and other organic acids; antioxidants including ascorbic acid; low molecular weight (less 
than about 10 residues) polypeptides; proteins, such as serum albumin, gelatin, or immunoglobulins; 
hydrophilic polymers such as polyvinylpyrrolidone; amino acids such as glycine, glutamine, asparagine. 
arginine, or lysine; monosaccharides, disaccharides, and other carbohydrates including glucose, mannose, or 
dextrins; chelating agents such as EDTA; sugar alcohols such as mannitol or sorbitol; salt-forming counter-ions 
such as sodium; and/or non-ionic surfactants such as Tween. Pluronics or polyethylene glycol (PEG). 

The GDNFRa, GDNF, or agonist thereof, also may be entrapped in microcapsules prepared, for 
example, by coacervation techniques or by interfacial polymerization (for example, hydroxymethylcellulose 
or gelatin-microcapsules and poly-(methylmethacylate) microcapsules, respectively), in colloidal drug delivery 
systems (for example, liposomes, albumin microspheres, microemulsions, nano-particles, and nanocapsules), 
or in macroemulsions. Such techniques are disclosed in Remington's Pharmaceutical Sciences, supra. 

GDNFRa , GDNF, or agonist thereof, to be used for in vivo administration must be sterile. This is 
readily accomplished by filtration through sterile filtration membranes, prior to or following lyophil ization and 
^constitution. GDNFRa, GDNF, or agonist thereof, ordinarily will be stored in lyophilized form or in 
solution. 
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TherapeutlWSrnposKions of GDNFRa, GDNF, or agonlf ereof, generally are p.aced into a 

_ having a steriIe access port , for _ ple> an intravenous soiution ba g or £ - ~ 

pierceable by a hypodermic injection needle. P 
5 „ J*?"", 9 ™'*"- ° DW ' 0rag0 "' 5 ' ""^ " * «~~ ™,hods 
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1 „ 7 """" " ^ *?DNFRa, GDNF, „ ^ ^ „ £ 

co„„„^ sly by mfilsion of by bota i.je.uon. G enCTally , „„e re a,. <,«„„„ ^ one 
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~ .^—7— ^3.2,8,121; Epstein efo/, Proc. »„, ^ „ L. 8 I' 

4^«< '"•' 4 '' EP '"""'.-'"P"^P^m a ppli«,io r8 3- l 1800S;U.S. Patent Nos. 44 8 5045an d 

^ Whe " Wl " d '°^^.^0°NFRa.GDNF,„ rago „ istthere „ r , issul mb 
^.s^asc^^adj^,, ^.^o^^ontbe^o^otJ,,,;*; ' 



■40- 



BNSDOCID: <WO 97339 12A2_I_> 



10 



30 



35 



WO 97/33912 PCT/US97/04363 
cannot degrade the activ^^Fthe active ingredients of the composition. E)Hlrples of suitable vehicles include 
ointments, creams, gels, or suspensions, with or without purified collagen. The compositions also may be 
impregnated into transdermal patches, plasters, and bandages, preferably in liquid or semi-liquid form. 

For obtaining a gel formulation, the GDNFRa, GDNF, or agonist thereof, formulated in a liquid 
composition may be mixed with an effective amount of a water-soluble polysaccharide or synthetic polymer 
such as PEG to form a gel of the proper viscosity to be applied topically. The polysaccharide that may be used 
includes, for example, cellulose derivatives such as etherified cellulose derivatives, including alkyl celluloses, 
hydroxyalkyl celluloses, and alkylhydroxyalkyl celluloses, for example, methylcellulose, hydroxyethyl 
cellulose, carboxymethyl cellulose, hydroxypropyl methylcellulose. and hydroxypropyl cellulose; starch and 
fractionated starch; agar; alginic acid and alginates; gum arabic; pullullan; agarose; carrageenan; dextrans; 
dextrins; fructans; inulin; mannans; xylans; arabinans; chitosans; glycogens; glucans; and synthetic 
biopolymers; as well as gums such as xanthan gum; guar gum; locust bean gum; gum arabic; tragacanth gum; 
and karaya gum; and derivatives and mixtures thereof. The preferred gelling agent herein is one that is inert 
to biological systems, nontoxic, simple to prepare, and not too runny or viscous, and will not destabilize the 
1 5 GDNFRa, GDNF, or agonist thereof, held within it. 

Preferably the polysaccharide is an etherified cellulose derivative, more preferably one that is well 
defined, purified, and listed in USP, eg., methylcellulose and the hydroxyalkyl cellulose derivatives, such as 
hydroxypropyl cellulose, hydroxyethyl cellulose, and hydroxypropyl methylcellulose. Most preferred herein 
is methylcellulose. 

The polyethylene glycol useful for gelling is typically a mixture of low and high molecular weight 
PEGs to obtain the proper viscosity. For example, a mixture of a PEG of molecular weight 400-600 with one 
of molecular weight 1500 would be effective for this purpose when mixed in the proper ratio to obtain a paste. 

The term "water soluble" as applied to the polysaccharides and PEGs is meant to include colloidal 
solutions and dispersions. In general, the solubility of the cellulose derivatives is determined by the degree of 
substitution of ether groups, and the stabilizing derivatives useful herein should have a sufficient quantity of 
such ether groups per anhydroglucose unit in the cellulose chain to render the derivatives water soluble. A 
degree of ether substitution of at least 0.35 ether groups per anhydroglucose unit is generally sufficient. 
Additionally, the cellulose derivatives may be in the form of alkali metal salts, for example, the Li, Na, K, or 
Cs salts. 

If methylcellulose is employed in the gel, preferably it comprises about 2-5%, more preferably about 
3%, of the gel and the GDNFRa, GDNF, or agonist thereof, is present in an amount of about 300- 1 000 mg per 
ml of gel. 

Semipermeable, implantable membrane devices are useful as means for delivering drugs in certain 
circumstances. For example, cells that secrete soluble GDNFR, GDNF, or agonist thereof, or chimeras can 
be encapsulated, and such devices can be implanted, into a patient, for example, into the brain of patients 
suffering from Parkinson's Disease. See. U.S. Patent No. 4,892,538 of Aebischer et a/.; U.S. Patent No. 
5,01 1,472 of Aebischer et al\ U.S. Patent No. 5,106.627 of Aebischer et al;PCT Application WO 91/10425; 
PCT Application WO 91/10470; Winn et al.. Expcr. Neurology , I 13:322-329 (1991); Aebischer et ai. Exper. 
Neurology, 1 1 1:269-275 (1991); and Tresco a a!. ASAIO. 38:17-23 (1992). Accordingly, also included is 
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a method fo, proved or ^ damage ,„ , or ^ J|F ct GDNFR . c 
* T" 7" 0f ' " — - ~> * f » * P-**r condition. i„,o ,h e body 

secretes GDNFR, GDNF. o, agon.s, .hereof. <„, antagonist as may „ e for 

p oduc, GDNF or GDNFR «, v,vo. could be implanted directly i„,„ the p„ie„,. „ ptionally „,„„„, such 
*,ll . .. and ,he prepare „r the encapsulated cells and tneir implantation in pali „, s ^ 

the cells either selected for their natural ability to generate GDNFRa nt>» c "'hereof, 
15 to secrete GDNFR rr fntrnr ' erate GDNFRa, GDNF, or agonist thereof, or engineered 

GDZ1 Z 1 " * 80 °' S ' *" ""^ ° DNFR « * — * ™.ore 

The ^ " H, "" a " ° DNF WO ' 3/M " 6 > " * ■»*- «™ of GDNF 

The implants are preferably non-immunogenic ,„*or prevent immunogenic ^ «„s J J„ t 

M d.r« d effeC " Ve """"" " f GDNFR °- ° DNF - " M " ""^ to * -P'"^ ."-peutically wi „ 
.mm. ^Accordingly, „ „,„ he necessary for the therapist to titer ,h. dosage and modify the route of 

GOT^'r^ GDNF reqU ' red M ** lain ^ optimal Inera P eut 'c effect. Typically, the clinician wiPUdminister the 
0DWR «™NF.°'.I»».»*e^^ A typical daily 

■ 2 m^g, and more preferably I pgdtg to , „g*g, depending 0 „ , he faclors ^ ^ 

™ Proposition.meGDNFRa. GDNF, or agonist thereof is formulated and dehveredl 
. rge, s„e or tissue a, a dosage capable of establishing in ,i ssue . Ievel of GDNFR« GDNF or agon ■ 

«s e «_ should be maintained if possible b, continuous infusion, sustained release «Z 
teZ:. NFR " <0 ' ° DNF " — , «* or injection a, e ro p I 

» 1. .OOratto of GDNFR. to GDNF dimer is useful. Preferably the ratio , ,0: 1 to I : ,„. more 
and even nrore preferably 2:, which may re„ec, the natural binding ratio of GDNFR ct ,o GDNF 

GDNFRa nucleic acid is useful fo, the preparation of GDNFRa polypeptide b, recombinan, 
•echoes ^exemplified hercn which can fc , be used for production of anti-GDNFRa antLls h „ 

various utihties described beiow. 8 
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The GDNFRa ^^peptide or nucleic acid) can be used to increas^K)NF-responsiveness (and thus 
increase cell survival and modulate Ret-mediated downstream pathways) of cells in vitro. Such cells must 
contain or be modified to contain cell surface Ret. Cultured ex vivo, these cells may simultaneously be 
exposed to other known neurotrophic factors or cytokines, such as those described herein. 

In yet another aspect of the invention, the GDNFRa may be used for affinity purification of ligands 
that bind to the GDNFRa, either naturally-occurring or synthetic ligands. GDNF is a preferred ligand for 
purification. Briefly, this technique involves: (a) contacting a source of GDNF ligand with an immobilized 
GDNFRa under conditions whereby the GDNF ligand to be purified is selectively adsorbed onto the 
immobilized receptor; (b) washing the immobilized GDNFRa and its support to remove non-adsorbed 
material; and (c) eluting the GDNF ligand molecules from the immobilized GDNFRa to which they are 
adsorbed with an elution buffer. In a particularly preferred embodiment of affinity purification, GDNFRa is 
covalently attaching to an inert and porous matrix or resin (e.g., agarose reacted with cyanogen bromide). 
Especially preferred is a GDNFRa immunoadhesin immobilized on a protein A column. A solution containing 
GDNF ligand is then passed through the chromatographic material. The GDNF ligand adsorbs to the column 
and is subsequently released by changing the elution conditions (eg. by changing pH or ionic strength). Novel 
ligands can be detected by monitoring displacement of a known, labeled GDNFRa ligand, such as 1 125 - or 
biotinylated-GDNF. 

The GDNFRa may be used for competitive screening of potential agonists or antagonists for binding 
to the GDNFRa. Such agonists or antagonists may constitute potential therapeutics for treating conditions 
20 characterized by insufficient or excessive GDNFRa activation, respectively. 

The preferred technique for identifying molecules which bind to the GDNFRa utilizes a chimeric 
receptor (e#, epitope-tagged GDNFRa or GDNFRa immunoadhesin) attached to a solid phase, such as the 
well of an assay plate. The binding of the candidate molecules, which are optionally labeled (e.g.. 
radiolabeled), to the immobilized receptor can be measured. Alternatively, competition for binding of a known, 
25 labeled GDNFRa ligand, such as I I25 -GDNF, can be measured. For screening for antagonists, the GDNFRa 
can be exposed to a GDNF ligand followed by the putative antagonist or the GDNF ligand and antagonist can 
be added to the GDNFRa simultaneously, and the ability of the antagonist to block receptor activation can be 
evaluated. 

The present invention also provides for assay systems for detecting GDNF activity, comprising cells 
which express high levels of GDNFRa, and which are, therefore, extremely sensitive to even very low 
concentrations of GDNF or GDNF-like molecules. The present invention provides for assay systems in which 
GDNF activity or activities similar to GDNF activity resulting from exposure to a peptide or non-peptide 
compound may be detected by measuring a physiological response to GDNF in a cell or cell line responsive 
to GDNF which expresses the GDNFR molecules of the invention. A physiological response may comprise 
any of the biological effects of GDNF, including but not limited to, those described herein, as well as the 
transcriptional activation of certain nucleic acid sequences (e.g. promoter/enhancer elements as well as 
structural genes), GDNF-related processing, translation, or phosphorylation, the induction of secondary 
processes in response to processes directly or indirectly induced by GDNF, including Ret-mediated effects, and 
morphological changes, such as neurite sprouting, or the ability to support the survival of cells, for example. 
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nodose ordorsa.rooWghon ce„s. motoneurons, dopaminergic neulf sensory neurons , Purkinje ce| „ Qr 
nippocampal neurons. 

in one embodiment of the uwention. the functional interaction between GDNF and the GDNFRa mav 
be ob s erv e d by detecting an increase in the product.cn autophosphory.ated Re, protein, or a.temative.v' 
5 phosphorated ERK-I or ERK-2 homologs (See Kotzbauer at al.. supra). 

The present invention provides for the development of nove. assay systems which can be uti.ized ,n 
.he screening of compounds for GDNF- or GDNF-like activity. Target ce..s which bind GDNF may be 
produced by transfection with GDNFRa-encoding nuc.eic acid or may be identified and segregated by f or 
example, fluorescent-activated ce.l sorting, sedimentation of rosettes, or .im.tmg di.utio. Once targeted, 
hnes are produced or identified, ,t may be desirable to se.ect for ce„s which are exceptional sensitive to 
GDNF. Such target cel.s may bear a greater number of GDNFRa mo.ecu.es; target ce„s bearing a re.ative 
abundance of GDNFRa can be ident.fied by selecting target ce..s which bind to h.gh .eve.s of GDNF for 
examp.e. by marking high-expressors with fluorophore tagged-GDNF followed by immunofluorescence 
detection and eel, sorting. Alternatively, cel.s which are exceptionally sensitive to GDNF may exhibit a 

1 5 relanvely strong biological response in response to GDNF bindine such as a sham • / 

oinaing, sucn as a sharp increase in Ret-mediated 
» or ,n .mmediate early gene products such as c-fos or c-jun. By developing assay systems us.ng targe, 

ZT rZr mely SCnSi,iVe ,0 GDNF ' inVem '° n ~'"» « -emng I 

GDNF or GDNF-hke activity which are capable of detecting low levels of GDNF activity 

PartkU,ar - US '"8 —"--t DNA techniques, the present invention provides for GDNF targe, 
•0 ce..s wh,ch are engineered to be high.y sensitive to GDNF. For example, the GDNF-receptor gene can be 
msened into ceHs which are natura.ly GDNF responsive such that the recombinant GDNFR gene is expressed 
at h.gh .eve,s and the resu.ting engineered target cells express a high number of GDNFRs on their cel. surface 
A.tematrve.y, or add.tiona.ly, the target cells may be engineered to comprise a recombinant gene which ,s 
expressed at high levels in response to GDNF/receptor binding. Such a recombinant gene may preferably be 
5 assocatedwithareadilydetectaNeproduct. For examp.e, and not by way of .imitation, transcriptional control 
regions (,e. promoter/enhancer regions) from an immediate ear.y gene may be used to contro, the expression 
of a reporter gene tn a construct wh.ch may be mtroduced ,n,o target cel., The .mmediate ear.y gene/reporter 
gene consm.ct, when expressed a, h.gh .eve.s in target ce.ls by virtue of a strong promo.er/enhancer or hi„h 
copy number, may be used to produce an amp.if.ed response to GDNFR binding. For example, and no, by wly 
of un.tat.on, a GDNF-responsive promoter may be used to contro. the expression of detecb.e reporter genes 

ferase, or P -g.ucuronidas*. Deteoon of the products of these reporter genes, we., known to one skilled 
« the art, may serve as a sensitive .dicator for GDNF or GDNF-like activity of pharmaceutic^ compounds 
, The GDNF- or GDNFRa-encoding gene constructs discussed herein (e.g., so.ub.e BCD) can be 
.nsettd mto target cel.s using any method known in the art, inc.uding but not .im.ted ,o transfection 
Cectroporation, ca.cium phosphate/DEAE dextran methods, and ce.. gun . The constructs and engineered target' 
ce..s can be used for the production of transgenic anima.s bearing the above-mentioned constructs as 
-sgen from which QDNF . or GDNFRa . expressjng ^ ^ ^ ^ ^ 



-44- 



BNSOOCID: <WO 973391 2A2_L> 



10 



15 



20 



25 



30 



35 



WO 97/33912 PCT/US97/04363 

Nucleic acids^Kh encode GDNFR, preferably from non-hunWspecies, such as murine or rat 
protein, can be used to generate either transgenic animals or "knock out" animals which, in turn, are useful in 
the development and screening of therapeutically useful reagents. A transgenic animal (e.g.. a mouse) is an 
animal having cells that contain a transgene. which transgene was introduced into the animal or an ancestor of 
the animal at a prenatal, e.g., an embryonic, stage. A transgene is a DNA which is integrated into the genome 
of a cell from which a transgenic animal develops. In one embodiment, the human and /or rat cDNA encoding 
GDNFRcc, or an appropriate sequence thereof, can be used to clone genomic DNA encoding GDNFR in 
accordance with established techniques and the genomic sequences used to generate transgenic animals that 
contain cells which express DNA encoding GDNFR. Methods for generating transgenic animals, particularly 
animals such as mice, have become conventional in the art and are described, for example, in U.S. Patent Nos. 
4,736,866 and 4,870,009. Typically, particular cells would be targeted for GDNFR transgene incorporation 
with tissue-specific enhancers, which could result in desired effect of treatment. Transgenic animals that 
include a copy of a transgene encoding GDNFR introduced into the germ line of the animal at an embryonic 
stage can be used to examine the effect of increased expression of DNA encoding GDNFR Such animals can 
be used as tester animals for reagents thought to confer protection from, for example, diseases related to GDNF 
In accordance with this facet of the invention, an animal is treated with the reagent and a reduced incidence 
of the disease, compared to untreated animals bearing the transgene, would indicate a potential therapeutic 
intervention for the disease. 

Transgenic mice bearing minigenes are currently preferred. First a fusion enzyme expression construct 
is created and selected based on expression in cell culture as described in the Examples. Then a minigene 
capable of expressing that fusion enzyme is constructed using known techniques. Particularly preferred hosts 
are those bearing minigene constructs comprising a transcriptional regulatory element that is tissue-specific for 
expression. 

Transgenic mice expressing GDNFR minigene are made using known techniques, involving, for 
example, retrieval of fertilized ova, microinjection of the DNA construct into male pronuclei, and re-insertion 
of the fertilized transgenic ova into the uteri of hormonally manipulated pseudopregnant foster mothers. 
Alternatively, chimeras are made using known techniques employing, for example, embryonic stem cells 
(Rossant et al.. Philos. Trans. R. Soc.Lond. Biol. 339:207-2 1 5 (1993)) or primordial germ cells ( V.ck et al. 
Philos. Trans. R, Soc. Land. Biol. 251:179-182 (1 993)) of the host species. Insertion of the transgene can be 
evaluated by Southern blotting of DNA prepared from the tails of offspring mice. Such transgenic mice are 
then back-crossed to yield homozygotes. 

It is now well-established that transgenes are expressed more efficiently if they contain introns at the 
5' end, and if these are the naturally occurring introns (Brinster eial. Proc. Natl. Acad. Sci. USA 85:836 (1988); 
Yokode et al. . Science 250: 1 273 ( 1 990)). 

Transgenic mice expressing GDNFR minigene are created using established procedures for creating 
transgenic mice. Transgenic mice are constructed using now standard methods ( et al. Proc. Natl. Acad. Set. 
USA 85:836 (1988); Yokode etal.. Science 250:1273 (1990); Rubin et al.. Proc Natl Acad Sci USA 88:434 
(1991); Rubin et al. Nature 353:265 (1991)). Fertilized eggs from timed matings are harvested from the 
oviduct by gentle rinsing with PBS and are microinjected with up to 100 nanoliters of a DNA solution. 
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de.ivering about ,«NA molecules into the ma)e pronucleus ^ cessfu , )y injected ^ ^ 

re-.mplanted into pseudopregnant foster mothers by oviduct transfer. Less than s* of m.cromjected eggs yield 
transgenic offspring and on, y about „3 of these actively express the transgene: , his number ,s presumablv 
mfluenced by the site at which the transgene enters the genome. 
5 TranS8eniC0ff ™^ 

the. genomes, preferab.y by prepanng DNA from short sections of tai, and anting by Southern b.ott.ng for 
presence of the transgene ("Tai. Blots", A preferred probe is a segment of a m i nig ene fus.on construct tha, 
•s un Ique ,y present in the transgene and not in the mouse genome. Ahemative.y. substitution of a natura. 
sequence of codons in the transgene with a different sequence that sti„ encodes the same peptide yields a 
untoue region identify in DNA and RNA analysis. Transgenic "founder" mice .dentified in this fashion are 
bred wnh normal mice to yield heteroses, which are back-crossed to create a line of transgen.c mice Tail 
b. 0tS of each mouse from each generation are examined unti. the strain is established and homozygous Each 
successfully created founder mouse and its strain vary from other strains in the location and copy number of 
*ansgenes inserted into the mouse genome, and hence have widely varying levels of transgene expression 
Selected ammals from each established line are sacnficed at 2 months of age and the expression of the 
transgene is analyzed by Northern blotting of RNA from live, muscle, fat. kidney, brain. ,un g , hear, spleen 
gonad, adrenal and intestine. * 

Alternatively, the non-human homologs of GDNFR can be used to construe, a GDNFR "knock out" 
anunal, ,e., hav.ng a defective or altered gene encoding GDNFR. as a result of homologous recombination 
be^veen the endogenous GDNFR gene and an altered genomic GDNFR DNA introduced into an embryon.c 
cell of the an.mal. For example, murine GDNFR cDNA can be used to Cone genomic GDNFR DNA ,n 
accordance with established techniques. A port.on of the genomic GDNFR DNA (e.g., such as an exon which 
encodes e.g., an extracellular domain) can be de.eted or replaced with another gene, such as a gene encoding 
a selectable marker which can be used to mon.tor integration. Typical.y, seven,, ki.obases of unaltered Hanking 
DNA (both at the 5' and 3' ends) are included in the vector (see e.g., Thomas and Capecchi. Cell 5 1 503 ( 1 987) 
for a descr.pt.on of homologous recombtnation vectots, The vector is Educed into an embryonic stem cel. 
I»e (e g., by e.ectroporation) and cells in which the introduced DNA has homo.ogously recombined with the 
en o genous DNA are seleced (see e.g.. L. e, a ,. Cell 69: 9,5 (,992)). The selected cells are then injected .n,o 
a blastocyst of an anuna, (e.g.. a mouse) to form aggregation chimeras (see e.g.. Bradley, in Teratocarcinomas 
and Embryon, Stem Cells: A Practical Approach. E. J. Robertson, ed. (IRL, Oxford, ,987), p P , 13 -,52) 
A ch^enc embryo can men be implanted into a suitab.e pseudopregnant fema.e foster animal and the embrvo 
brought to tenn to create a "knock out" animal. Progeny harboring the homo.ogously recombined DNA .n their 
germ ce.,s can be identified by standard techniques and used to breed animals in which all cells of the an.ma. 
contatn the homo.ogously recombined DNA. Knockout anima.s can be character,^ for their abi,ity to accept 
grafts, reject tumors and defend against infectious diseases and can be used in the study of bas.c 
immunobiology. 

In addition to the above procedures, which can be used for preparing recombinant DNA molecules 
and fransformed host animals in accordance with the practices of this invention, other known techn.ques and 
mod.ficat.ons thereof can be used ,n carrying out the practice of the invention. For example, U.S. Pat. No 
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4,736.866 discloses vect^Rd methods for production of a transgenic noWTman eukaryotic animal whose 
germ cells and somatic cells contain a gene sequence introduced into the animal, or an ancestor of the animal, 
at an embryonic stage. U.S. Pat. No. 5.087.571 discloses a method of providing a cell culture comprising ( I ) 
providing a transgenic non-human mammal, all of whose germ ceils and somatic cells contain a recombinant 
5 gene sequence introduced at an embryonic stage; and (2) culturing one or more of said somatic cells. U.S. Pat. 
No. 5,175.385 discloses vectors and methods for production of a transgenic mouse whose somatic and germ 
cells contain and express a gene at sufficient levels to provide the desired phenotype in the mouse, the gene 
having been introduced into said mouse or an ancestor of said mouse at an embryonic stage, preferably by 
microinjection. A partially constitutive promoter, the metallothionein promoter, was used to drive heterologous 
10 gene expression. U.S. Pat. No. 5,175,384 discloses a method of introducing a transgene into an embryo by 
infecting the embryo with a retrovirus containing the transgene. U.S. Pat. No. 5.175.383 discloses DNA 
constructs having a gene, homologous to the host ceil, operably linked to a heterologous and inducible 
promoter effective for the expression of the gene in the urogenital tissues of a mouse, the transgene being 
introduced into the mouse at an embryonic stage to produce a transgenic mouse. Even though a homologous 
1 5 gene is introduced, the gene can integrate into a chromosome of the mouse at a site different from the location 
of the endogenous coding sequence. The vital MMTV promoter was disclosed as a suitable inducible 
promoter. U.S. Pat. No. 5,162,215, discloses methods and vectors for transfer of genes in avian species, 
including livestock species such as chickens, turkeys, quails or ducks, utilizing pluripotent stem cells of 
embryos to produce transgenic animals. U.S. Pat. No. 5.082,779, discloses pituitary-specific expression 
20 promoters for use in producing transgenic animals capable of tissue-specific expression of a gene. U.S. Pat. 
No. 5.075,229. discloses vectors and methods to produce transgenic, chimeric animals whose hemopoietic liver 
cells contain and express a functional gene driven by a liver-specific promoter, by injecting into the peritoneal 
cavity of a host fetus the disclosed vectors such that the vector integrates into the genome of fetal hemopoietic 



liver cells 

25 



Although some of the above-mentioned patents and publications are directed to the production o C -use 
of a particular gene product or material that are not within the scope of the present invention, the procedures 
described therein can easily be modified to the practice of the invention described in this specification by .hose 
skilled in the art of fermentation and genetic engineering. 

Assay systems of the present invention enable the efficient screening of pharmaceutical compounds 
30 for use in the treatment of GDNF-associated diseases. For example, and not by way of limitation, it mav be 
desirable to screen a pharmaceutical agent for GDNF activity and therapeutic efficacy in renal or cerebellar 
degeneration. In a one embodiment of the invent.on. cells responsive to GDNF may be identified and .sdated 
and then cultured in microwells in a multiwell culture plate. Culture medium with added test agent, or added 
GDNF, in numerous dilutions may be added to the wells, together with suitable controls. The cells mav then 
35 be examined for improved survival, neurite sprouting, and the like, and the activity of test agent and GDNF. 
as well as their relative activities, can be determined. For example, one can now identify GDNF- like 
compounds which can, like GDNF, prevent motoneuron cell death in response to toxic assault or axo.onn . for 
example. GDNF-responsive motoneurons or enteric neurons could be utilized in assay systems to identifv 
compounds useful in treating motoneuron or enteric nervous system diseases. If a particular disease is found 
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r u r ocia i d w 7 defect,ve gdnf response h a pan,cu,ar ■* rationai ~ «* - 

would be su Pply ,n g the patlent whh exogenous GDNF ft ^ ^ ^ - 

wn.ch have a .onger ha,f-,ife than endogenous GDNF, or which act as GDNF agonists, or which are target 
to a pan.cu.a, tissue. A c COrdingly , me methods ofthe invcwjon can be ^ fo ^ ^ ^ 
screen^ systems whjch can be ^ tQ ^ ^ ^ * 

could be used to identify GDNF antagonists. ' " 

In addition, the present invention provides ,„ experiment,, mode, , fw 

physio.ogtca, roleofGDNF and its recepto, Slldl syslems inc|ude ^ an , ms , 5 „ p 6 <md 

.0 GDNIMcpletedcohditton. ,ii> ^ tamulize( , wilh QDNFR; (y|) 

eve s of GDNFR «, therefore are hypersensitive „ GDNF; and ,iv> anima.s derived using ^ * 
ceil technology in which (he endogenous GDNFR genes were deleted from the genome 

ro ofGDNFand,,sre.ep,o, in these model systems GDNFR protein, peptide fragment, or a derivative 
.5 thereof, m y be etthe, supphed ,„ ,h. system or produced within the system. Such mode, systems couid he 
^ os^ytheerfectsofGDNFexcessorGDNFdepietion. The expert,,, mode, systems may be use 
" ~? " efr "' S ° fi ~— " » - -i-e cu.tures. in whei, an.mais 

" 7; U ': « *- WW,i " «** « *~ — i ^.em, or over specif time ,„,c„a,s 

(tncludutg dunng entbryogenesis) i„ embodiments in which GDNFR expression is controlled by an tnducible 
or development,,* re g ulattd prom01CT . ,„ . ^ ^ ^ 

be used tocon.ro, expression of GDNFR. in transgenic anbnals. Transgenic animais. as discussed herein 
..reduced by any method known „ the art including, bu, no, limited ,. microinjection, eel, htsion. trans.ecti 
and electroporation. 

. The present invention also prov.des for mode, systems for autoimmune disease in wh,ch an 

autemmune response is directed toward GDNFRa. Such mode.s comprise an.ma.s wh.ch hav, been 
unrnun.zed with immunogenic amounts of GDNFR and preferab.y found to produce anti-GDNFR anIlblMjies 
anovor ce.,-mediated immunity. To produce such a mode, system, i, may be desirab.e to admmisl , r , be 
in conjunction with an immune adjuvant. 

30 be us d ''TT- - ""' ^ ^ ° f '™' B ' i0 "- " raPerime " U ' ^'"-y >* created wh.ch ,„av 
be used ,„ study the effects of excess GDNF activtty, ,. such a system, the response to GDNF m„ be 

tereased by engineering an teased number of GDNFRs on cells of the mode, system reiati ve ,„ ce,K which 

,!.rcf 1 ^ *" *» f • signahing moiecu.e c a p.,b,e „r 

■n.eracng „„ h GDNFR. and mediating an GDNF sign.,. ,, „, y be „refer,b,e to prov.de .„ increased 
number of GDNFRs selectively on ce„s which normahy express GDNFRs. 

produce utcreased nml be„ of GDNFR by infection with a virus which carries a GDNFR gene of the ,„ve„ 
Ahem M ,ve,y. the GDNFR gene may be provided to the cells by ™,s,ec,,„„. ,f „. me^e, system 
recombinant GDNFR ge„, may be induced into me ce,,s of the animal by infection with a cri 

^e.,he GDS T Rge n e.,c* CT me m asdisc„s ! edhere m .Forexamp 1 e.arr,„sgenie,„im,,m.v be created 
whtch ea m es me GDNFR gene as a transgene. ,„ order to ensure expression of GDNFR, the GDNFR gene 
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should be placed under^Wontrol of a suitable promoter sequence. It m^^e desirable to put the GDNFR 
gene under the control of a constitutive and/or tissue specific promoter. By increasing the number of cellular 
GDNFRs, the response to endogenous GDNF may be increased. If the model system contains little or.no 
GDNF, GDNF may be added to the system. It may also be desirable to add additional GDNF to the model 
5 system in order to evaluate the effects of excess GDNF activity. Over expressing GDNF (or secreted GDNF) 
may be the preferable method for studying the effects of elevated levels of GDNF on cells already expressing 
GDNFR. More preferably would be to express GDNFR in all cells (general expression) and determine which 
cells are then endowed with functional responsiveness to GDNF. thus allowing the potential identification of 
a second receptor component, if one exists. 
1 0 An experimental model system may be created which may be used to study the effects of diminished 

GDNF activity. This system may permit identification of processes or neurons which require GDNF. and 
which may represent potential therapeutic targets. In such a system, the response to GDNF may be decreased 
by providing recombinant GDNFRs which are not associated with a cell surface or which are engineered so 
as to be ineffective in transducing a response to GDNF. For example, GDNFR protein, peptide, or derivative 
1 5 may be supplied to the system such that the supplied receptor may compete with endogenous GDNFR for 
GDNF binding, thereby diminishing the response to GDNF. The GDNFR may be a cell free receptor which 
is either added to the system or produced by the system. For example, a GDNFR protein which lacks the 
transmembrane domain may be produced by cells within the system, such as an anchorless GDNFR that may 
be secreted from the producing cell. Alternatively, GDNFR protein, peptide or derivative may be added to an 
20 extracellular space within the system. In additional embodiments of the invention, a recombinant GDNFR gene 
may be used to inactivate or "knock out" the endogenous gene by homologous recombination, and thus create 
a GDNFR deficient cell, tissue, or animal. For example, and not by way of limitation, a recombinant GDNFR 
gene may be engineered to contain an insertional mutation, for example the neO gene, which inactivates 
GDNFR. Such a construct, under the control of a suitable promoter, may be introduced into a cell, such as an 
embryonic stem cell, by a technique such as transfection, transduction, injection, etc. Cells containing the 
construct may then be selected by G4I8 resistance. Cells which lack an intact GDNFR gene may then be 
identified, e.g. by Southern blotting or Northern blotting or assay of expression Cells lacking an intact 
GDNFR gene may then be fused to early embryo cells to generate transgenic animals deficient in GDNFR. 
A comparison of such an animal with an animal not expressing endogenous GDNF would reveal that either the 
two phenotypes match completely or that they do not. implying the presence of additional GDNF-like factors 
or receptors. Such an animal may be used to define specific cell populations, e.g., neuronal populations, or any 
other in vivo processes, normally dependent upon GDNF or its receptor. Thus, these populations or processes 
may be expected to be effected if the animal did not express GDNFR and therefore could not respond to 
GDNF. , itematively, a recombinant GDNFR protein, peptide, or derivative which competes with endogenous 
receptor for GDNF may be expressed on the surface of cells within the system, but may be engineered so as 
to fail to transduce a response to GDNF binding. The recombinant GDNFR proteins, peptides or derivatives 
described above may bind to GDNF with an affinity that is similar to or different from the affinity of 
endogenous GDNFR to GDNF. To more effectively diminish the response to GDNF. the GDNFR prote.n, 
peptide, or derivative may desirably bind to GDNF with a greater affinity than that exhibited by the native 
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recep.o, lf o!Wr ^ ^ orde . vailve . modci ^ ^ 

»Wec,,o„. etc o, _ . As ^ ^ 0[)Nm ^ ^ ^ ^ ^ ^ ^ • 

. ««. promo,e, which may bc . for extmpl , . , issl „. speci „ c proino|n of ao jndiie(bfe 
d^opmemaiiy reeu , ated promoter ,„ , spec . & embodimtm Qf ^ ^ ^ 

o ace,, -V b= repiaced by a muum, GDNFR gene by h^gous recombin ,„ on , * 

pennon, GDNFR express.onmay he reduced by providing GDWR ^ ^ 

of GDNFR antisense RNA or DNA effecti™ ,„ reduce expression of GDNFR pro.ein 

The GDNFRa polypeptides are also useM as molecuia, weigh, marker To U se a GDNFR. 
Mypepnde as a Secular weigh, marker, gel fi,m,,io„ chroma.ograpny „ SDS . PAGE for 
use* ,o separa.e pro,e.„ ( s> for which „ is desired ,o define .heir mo.ecu.ar wei g h, (s) ,„ ^ ^ 
«- way. GDNFRa, pref.„b,y . soluHc GDNFR, and o.her mo.eeu.ar weigh, markers „„, he used a 
sunda, s ,o provide a range of molecu,,, weigh,, For exampie, phosphor,,,* „ <m w . „.„„„> ^ 

- 4.400, can he used as M W marker, me o»er moiecui.r weigh, markers men.ioned here can he purchased 

ZTT I !°7 mmham C "?-^ "- ™= moiecuiar weigh, markers are 

general iabeled „ faCnae ^ ^reof For examp,e, ^ ^ may he bio.inyia.cd and. foiiow.ng 
s*pa,a,,o„, «. h. io c ubaKd wim sr^vidin-ho^radisn peroxidase so ma, ,he various marker, can he 
ae.ecd hy „gh, de.ec.ion. The pohypep.ides of *e invent aiso r m d use as feed addi.ives for anima.s The 
nucle,c M ,ds of , he invemion find use in preparing mese polypephdes 

audio 7 Z^" GDNFR<< ' " * ~*« "*> - * ~ - for mechamsn, 

sh* es of GDNFRa and ,i g a„ds, ,o srudy ,he roie of ,he GDNFRa and GDNF iigand in namal gro w,„ 
and dev« topm e„,, as we,, „ abnormai grow* »d deve.opmen,, eg „ „ ma lu ™ncie, GDNFR probe, can he 
used ,„ ,d,„,ify ce„s and .issues which a* responsive ,„ GDNF in norma, or diseased sra.es. For e„mp,e 

.nve„.,on provides for me.hods for iden.i^ing ce„s which a re responsive ,„ GDNF hy de.ecing GDNFR 
expression in such cel., GDNFR expression may he evidenced hy M nsc,i P .io„ of GDNFR mRNA „, " 
pro^iucion of GDNFR pro.ein. GDNFR expression may he de.ec.ed using probes which iden.ify GDNFR 
^ ac rf or p,o,ei„. On, v^ of prohe which may he used ,o de.ec, GDNFR express™ is a nuCeic acd 
pr^e, „h,ch may he usee, ,„ de.ee, GDNFR.encoding Rm hy any M kno a „. 

o, hm, ed ,o, in sin. hyhr.diza.ion, No„he m h,„, anaiysis, or PCR re,»,ed ,ech„i,„e, An o,he, varie.y of 
probe which may he used is tagged GDNF as discussed herein. 

oron, , * ^ " Ve "' i0 "' ^ ° DNF n "' y " C w„u,d 

promo,e ,he h,„d,„g or ashmen, of GDNF ,o GDNFR in or on said ce„, in mos, case, .his may he 

B h,eved under srandard cu lM re condi.ions. For exampie. in one emhodimen, of ,he inven.ion. ce,,s m . he 
UKuba^forahounommu.esinmepreser^ofu.ggedGDNF. if ,he,,g h,a„ an.ihCy moiecu.e. i, may he 
referee ,„ aiiow GDNF ,„ bind .o cei.s Hrs.a.d s » b se,uen„y wash rhe cehs ,„ remove unbound ,i B ,„d 

surface of GDNF-responstve Cfs. he^afte, died huge, ce,„ may be de.ec.ed hy rosehing assays ,„ which 
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indicator cells that are c^Ble of binding to the tag are incubated with ce^r^earing tagged-GDNF such that 
they adhere to tagged-GDNF on the target cells and the bound indicator cells form rosette-like clusters around 
GDNF-tag bearing cells. These rosettes may be visualized by standard microscopic techniques on plated cells, 
or, alternatively, may allow separation of rosetted and non-rosetted cells by density centrifugation. in a 
preferred specific embodiment of the invention, target cells, such as neuronal cells. In alternative embodiments 
of the invention, tagged-GDNF on the surface of target cells may be detected using immunofluorescent 
techniques in which a molecule which reacts with the tag, preferably an antibody, directly or indirectly 
produces fluorescent light. The fluorescence may either be observed under a microscope or used to segregate 
tagged-GDNF-bearing cells by fluorescence activated cell sorting techniques. The present invention also 
provides for methods for detecting other forms of tags, such as chromogenic tags and catalytic tags. An 
anti-GDNFR antibody can also be used as a probe. The detection methods for any particular tag will depend 
on the conditions necessary for producing a signal from the tag, but should be readily discernible by one skilled 
in the art. 

GDNFRo variants are useful as standards or controls in assays for the GDNFRoc for example ELISA, 
1 5 RJA, or RRA, provided that they are recognized by the analytical system employed, e.g.. an anti-GDNFRcc 
antibody. 

Polyclonal antibodies are generally raised in animals by multiple subcutaneous (sc) or intraperitoneal 
(ip) injections of the relevant antigen and an adjuvant. Since the preferred epitope is in the ECD of the 
GDNFRa, it is desirable to use GDNFRa ECD or a molecule comprising the ECD (e.g., GDNFRa 
20 immunoadhesin) as the antigen for generation of polyclonal and monoclonal antibodies. It may be useful to 
conjugate the relevant antigen to a protein that is immunogenic in the species to be immunized, e.g., keyhole 
limpet hemocyanin, serum albumin, bovine thyroglobulin, or soybean trypsin inhibitor using a bifunctional or 
derivatizing agent, for example, maleimidobenzoyl sulfosuccinimide ester (conjugation through cysteine 
residues), N-hydroxysuccinimide (through lysine residues), glutaraldehyde. succinic anhydride, SOCI-,, or 
25 R 1 N=C=NR, where R and R 1 are different alky 1 groups. 

Animals are immunized against the antigen, immunogenic conjugates, or derivatives by combining 
I mg or 1 ug of the peptide or conjugate (for rabbits or mice, respectively) with 3 volumes of Freund s 
complete adjuvant and injecting the solution intradermally at multiple sites. One month later the animals are 
boosted with 1/5 to 1/10 the original amount of peptide or conjugate in Freund s complete adjuvant by 
30 subcutaneous injection at multiple sites: Seven to 1 4 days later the animals are bled and the serum is assayed 
for antibody titer. Animals are boosted until the titer plateaus. Preferably, the animal is boosted with the 
conjugate of the same antigen, but conjugated to a different protein and/or through a different cross-linking 
reagent. Conjugates also can be made in recombinant cell culture as protein fusions. Also, aggregating agents 
such as alum are suitably used to enhance the immune response 

Monoclonal antibodies are obtained from a population of substantially homogeneous antibodies, i. e. 
the individual antibodies comprising the population are identical except for possible naturally occurring 
mutations that may be present in minor amounts. Thus, the modifier "monoclonal" indicates the character of 
the antibody as not being a mixture of discrete antibodies. 
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20 monoclonal antibodies fKozbor / / , clescnbed for the production of human 

ojuiuuuies (Kozoor, J. Immunol., 1 33 300 1 ClOSdv n- j 

antibod^^^ 

by hybridoma cells is determined bv ^ S ^' fi ^ ^-noclonal antibodies produced 
25 radioimmunoassay P-ipita,ion or by an ,„ vilro binding assay , such as 

immunoassay (RJA) or enzyme-linked immunoabsorbent assay (ELISA) 

The.binding affinity of the monoclonal antibody can for examole h, H.t . 
analysis of Munson e, al Ann, r u example, be determ.ned by the Scatchard 

iuiiione/o/.,/ina/. Btochem., 107:220 ( 1980) 
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GDNFR-specific MAbs can be developed as discussed above using for example ,h 
immunoadhesin and tran^f^t^ ti i x - . example, the receptor 

rransfeced cel. .tne) to tn.t.a.e new im munization protocols to ^ GDNFR-specific 
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MAbs for use as potentia^ffiists or antagonists, as well as for immunohis^^mistry, tmmunocyiochemistry, 
and assay development. The MAbs generated from fusion of the immunized animals can be screened for 
agonist and antagonist activities by bioassay (e.g., neuron survival assays, signal transduction/phosphorylation, 
kidney cell survival assays) as well as by ELISA and FACS (functional blocking of GDNF-GDNFR binding) 
Suitable techniques are provided in, for example, Lucas et al.. J. Immunol. 145:1415-1422 (1990); 
Hoogenraad et al. J. Immunol. Methods 6:317-320 (1983); Moks et al., Eur. J. Biochem. 85:1205-1210 
(1986); Laemmli, Nature (London) 227:680-685 (1970); and, Towbin et al. Proc Natl Acad Sci USA 
76:4350-4354(1979). 

DNA encoding the monoclonal antibodies is readily isolated and sequenced using conventional 
procedures (e.g., by using oligonucleotide probes that are capable of binding specifically to genes encoding 
the heavy and light chains of murine antibodies). The hybridoma cells serve as a preferred source of such 
DNA. Once isolated, the DNA may be placed into expression vectors, which are then transfected into host cells 
such as E. coli cells, simian COS cells, Chinese hamster ovary (CHO) cells, or myeloma cells that do not 
otherwise produce immunoglobulin protein, to obtain the synthesis of monoclonal antibodies in the 
recombinant host cells. Review articles on recombinant expression in bacteria of DNA encoding the antibody 
include Skerrae/ al., Curr. Opinion in Immunol., 5:256-262 (1993) and Pllickthun. Immunol, /tew, 130:151- 
188(1992) 

In a further embodiment, antibodies or antibody fragments can be isolated from antibody phage 
libraries generated using the techniques described inMcCafferty et al. , Nature, 348:552-554 ( 1 990). Clackson 
et al. , Nature, 352:624-628 ( 1 99 1 ) and Marks et at. , J Mol. Biol. , 222:58 1-597 ( 1 99 1 ) describe the isolation 
of murine and human antibodies, respectively, using phage libraries. Subsequent publications describe the 
production of high affinity (nM range) human antibodies by chain shuffling (Mark et al., Bio/Technology, 
10:779-783 (1992)). as well as combinatorial infection and in vivo recombination as a strategy for constructing 
very large phage libraries (Waterhouseef al., Nuc. Acids. Res., 21 .2265-2266 (1993)). Thus, these techniques 
are viable alternatives to traditional monoclonal antibody hybridoma techniques for isolation of monoclonal 
antibodies. 

The DNA also may be modified, for example, by substituting the coding sequence for human heavy- 
and light-chain constant domains in place of the homologous murine sequences (Cabilly et al. , supra, Morrison. 
etal.,Proc. Nat. Acad. Sci. USA, 81:6851 (1984)), or by covalently joining to the immunoglobulin coding 
sequence all or part of the coding sequence for a non-immunoglobulin polypeptide. 

Typically such non-immunoglobulin polypeptides are substituted for the constant domains of an 
antibody, or they are substituted for the variable domains of one antigen-combining site of an antibody to create 
a chimeric bivalent antibody comprising one antigen-combining site having specificity for an antigen and 
another antigen-combining site having specificity for a different antigen. 

Chimeric or hybrid antibodies also may be prepared in vitro using known methods in synthetic protein 
chemistry, including those involving crosslinking agents. For example, immunotoxins may be constructed 
using a disulfide-exchange reaction or by forming a thioether bond. Examples of suitable reagents for this 
purpose include iminothiolate and methyl-4-mercaptobutyrimidate. 
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Methods fomanizing non-human anybodies are well knoWn the art. Generally, a Humanized 
ant.body has one or more amino acid residues introduced into i, from a source which is non-human These non- 
human amino acid residues are often referred to as ".mport" residues, which are typically taken from an 
'.mport" variable domain. Humanization can be essentially performed following the method of W.nter and 
co-workers (Jones et al. Nature, 321:522-525 (.986); Riechmann et al. Nature, 332 323-3^7 (.988) 
Verhoeyen et al. , Science, 239: . 534- . 536 (1 988)), by substituting rodent CDRs or CDR sequences for the 
corresponding sequences of a human antibody. Accordingly, such "humanized" antibodies are chimeric 
ant.bc.dies (Cabi.ly «,., supra), wherein substantia.* ,ess than an intact human variab.e domain has been 
subst.tuted by the corresponding sequence from a non-human species. In practice, humanized antibodies are 
10 typ.cal.y human antibodies in which some CDR residues and possibly some FR residues are subst.tuted bv 
residues from analogous sites in rodent antibodies. 

The choice of human variab.e domains, both light and heavy, to be used in making the humanized 
ant.bod.es is very important to reduce antigen.city. According to the so-called "best-f.f method, the sequence 
of the variable domain of a rodent antibody is screened against the entire library of known human variable- 
5 domam sequence, n* human sequence which ,s closest to that of the rodent is then accepted as the human 
framework (FR) for the humanized antibody (Sims et al, J. immmol . t .51.2296 (.993); Chothia e , */ j 
Mol. Biol, ,96:90. (.987)). Another method uses a particu.ar framework derived from the consensus 
sequence of al, human antibodies of a particu.ar subgroup of light or heavy chains. The same framework may 
be used for several different humanized antibodies (Carter et al, Proc. Natl. Acad. Sc, USA 89 4^85 
20 (,992); Presta et al , J. Immnol., 15,:2623 (.993)). 

I« is further important that antibodies be humanized with retention of high affinity for the antigen and 
other favorab.e bioiogica. propert.es. To achieve this goa.. according to a preferred method, human.zed 
anubodies are prepared by a process of analysis of the parenta. sequences and various conceptual humanized 
products using three-dimensional mode.s of the parental and humanized sequences. Three-dimensional 
.mmunoglobulin mode.s are common.y avai.able and are familiar to those skilled in the art Computer 
programs are avai.able which ...ustrate and display probable three-dimensiona, conformational structures of 
selected candidate immunoglobulin sequences. Inspection of these d.sp.ays permits analvs.s of the likely role 
of the residues in the func.ion.ng of the candidate tmmunog.obu.in sequence, ,e, the analysis of residues that 
mfluence the ability of the candidate immunoglobu.in to bind its ant.gen. .„ this way, FR residues can be 
selected and combined from the consensus and import sequences so that the desired antibody characteristic 
such as increased affinity for the target an,igen(s), is achieved. ,n general, the CDR residues are directly and 
most substantially involved in influencing antigen binding. 

Alternatively, i, is now possib.e to produce transgenic animals (e.g.. mice) that are capable upon 
■mmunization, of producing a fuU repertoire of human antibodies in the absence of endogenous 
unmunog.obu.in production. For examp.e, it has been described that the homozygous de.etion of the antibody 
heavy-cham joining region (J H ) gene in chimeric and germ-.ine mutant mice resu.ts in comp.ete inhibition of 
endogenous antibody production. Transfer of the human germ-.ine immunoglobulin gene array in such germ- 
line mutant m.ce wil, result in the production of human antibodies upon antigen chal.enge See eg 
Jakobovits„*/.,,>, oc Natl. Acad. Sc, USA, 90:255 1 (1993); Jakobovits et al. Nature 362->55-258 



-54- 



10 



15 



20 



25 



30 



35 



WO 97/33912 ^ ^ PCT/US97/04363 

(1993); Bruggermann et ^Wear in Immuno^ 7:33 (1993). Human arrtibo^Kan also be produced in phage- 
display libraries (Hoogenboom «?/ al. J Moi Biol., 227:38 1 (1991 ); Marks et al y J. Mol. Biol., 222:58 1 
(1991)). 

Bispecific antibodies (BsAbs) are antibodies that have binding specificities for at least two different 
antigens- BsAbs can be used as tumor targeting or imaging agents and can be used to target enzymes or toxins 
to a cell possessing the GDNFRa. Such antibodies can be derived from full length antibodies or antibody 
fragments (e.g. F(ab') 2 bispecific antibodies). In accordance with the present invention, the BsAb may possess 
one arm which binds the GDNFRa and another arm which binds to a cytokine or another cytokine receptor 
(or a subunit thereof) such as the receptors for TPO, EPO, G-CSF, IL-4, IL-7, GH, PRL; the a or p subunits 
of the IL-3, GM-CSF, IL-5, IL-6, LIF, OSM and CNTF receptors; or the a, p or y subunits of the IL-2 
receptor complex. For example, the BsAb may bind both GDNFRa and gpl 30. 

Methods for making bispecific antibodies are known in the art. Traditional production of full length 
bispecific antibodies is based on the coexpression of two immunoglobulin heavy chain-light chain pairs, where 
the two chains have different specificities (Millstein et al, Nature^ 305:537-539 (1983)). Because of the 
random assortment of immunoglobulin heavy and light chains, these hybridomas (quadromas) produce a 
potential mixture of 10 different antibody molecules, of which only one has the correct bispecific structure. 
Purification of the correct molecule, which is usually done by affinity chromatography steps, is rather 
cumbersome, and the product yields are low. Similar procedures are disclosed in WO 93/08829, published 1 3 
May 1993, and in Traunecker et al , EM BO J., 10:3655-3659 (1991). 

According to a different and more preferred approach, antibody variable domains with the desired 
binding specificities (antibody-antigen combining sites) are fused to immunoglobulin constant domain 
sequences. The fusion preferably is with an immunoglobulin heavy chain constant domain, comprising at least 
part of the hinge, CH2, and CH3 regions. It is preferred to have the first heavy-chain constant region (CH I ) 
containing the site necessary for light chain binding, present in at least one of the fusions. DNAs encoding the 
immunoglobulin heavy chain fusions and, if desired, the immunoglobulin light chain, are inserted into separate 
expression vectors, and are co-transfected into a suitable host organism. This provides for great flexibility in 
adjusting the mutual proportions of the three polypeptide fragments in embodiments when unequal ratios of 
the three polypeptide chains used in the construction provide the optimum yields., It is, however, possible to 
insert the coding sequences for two or all three polypeptide chains in one expression vector when the 
expression of at least two polypeptide chains in equal ratios results in high yields or when the ratios are of no 
particular significance. 

In a preferred embodiment of this approach, the bispecific antibodies are composed of a hybrid 
immunoglobulin heavy chain with a first binding specificity in one arm, and a hybrid immunoglobulin heavy 
chain-light chain pair (providing a second binding specificity) in the other arm. It was found that this 
asymmetric structure facilitates the separation of the desired bispecific compound from unwanted 
immunoglobulin chain combinations, as the presence of an immunoglobulin light chain in only one half of the 
bispecific molecule provides for a facile way of separation. This approach is disclosed in WO 94/04690 
published March 3, 1 994. For further details of generating bispecific antibodies see, for example, Suresh et 
al. , Methods in Enzymology, 121:210 (1 986). 
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chronic infection (neutrop^R bone marrow failure (all lineages), and imnSKeficiency (lymphocytes). The 
agonists may similarly be useful for treating diseases characterized by a decrease in blood cells. Examples of 
these diseases include: anemia (including macrocytic and aplastic anemia): thrombocytopenia: hypoplasia: 
immune (autoimmune) thrombocytopenic purpura (ITP); and HIV induced ITP. Also, the agonists may be 
5 used to treat a patient having suffered a hemorrhage. 

Therapeutic applications for GDNF or GDNFRa neutralizing antibodies include the treatment of 
metabolic disorders and cell tumors at sites of GDNFRa expression, especially those tumors characterized by 
overexpression of GDNFRa. 

For therapeutic applications, the GDNF or GDNFRa antibodies of the invention are administered to 
10 a mammal, preferably a human, in a physiologically acceptable dosage form, including those that may be 
administered to a human intravenously as a bolus or by continuous infusion over a period of time, by 
intramuscular, intraperitoneal, intra-cerebrospinal. subcutaneous, intra-articular. intrasynovial. intrathecal, oral, 
topical, or inhalation routes. The antibodies also are suitably administered by intratumoral. peritumoral. 
intralesional. or perilesional routes or to the lymph, to exert local as well as systemic therapeutic effects. 

Such dosage forms encompass physiologically acceptable carriers that are inherently non-toxic and 
non-therapeutic. Examples of such carriers include ion exchangers, alumina, aluminum stearate, lecithin, serum 
proteins, such as human serum albumin, buffer substances such as phosphates, glycine, sorbic acid, potassium 
sorbate, partial glyceride mixtures of saturated vegetable fatty acids, water, salts, or electrolytes such as 
protamine sulfate, disodium hydrogen phosphate, potassium hydrogen phosphate, sodium chloride, zinc salts. 
20 colloidal silica, magnesium trisilicate, polyvinyl pyrrolidone. cellulose-based substances, and PEG Carriers 
for topical or gel-based forms of GDNF or GDNFRa antibodies include polysaccharides such as sodium 
carboxymethylcellulose or methylcellulose, polyvinylpyrrolidone, polyacrylates. polyoxyethvlcne- 
polyoxypropylene-block polymers. PEG, and wood wax alcohols. For all administrations, conventional depot 
forms are suitably used. Such forms include, for example, microcapsules, nano-capsules, liposomes, plasters. 
25 inhalation forms, nose sprays, sublingual tablets, and sustained-release preparations. The antibody will 
typically be formulated in such vehicles at a concentration of about 0. 1 mg/ml to 100 mg/ml. 

Suitable examples of sustained-release preparations include semipermeable matrices of solid 
hydrophobic polymers containing the GDNF or GDNFRa antibody, which matrices are in the form of shaped 
articles, e.g. films, or microcapsules. Examples of sustained-release matrices include polyesters, hvdrogcli 
30 (for example. poly(2-hydroxyethyl-methacrylate) as described by Langer et al . supra and Langer. 'supra or 
poly(vinylalcohol), polylactides (U.S. Pat. No. 3.773.919), copolymers of L-glutamic acid and y ethvl-L- 
glutamate (Sidman et al.,supra), non-degradable ethylene-vinyl acetate (Langer e, al . supra), degradable lactic 
acid-glycolic acid copolymers, such as the Lupron Depot™ (injectable microspheres composed of lace acid- 
glycolic acid copolymer and leuprolide acetate), and P oly-D-(-)-3-hydroxyb U ryric acid. While polymers such 
35 as ethylene-vinyl acetate and lactic acid-glycolic acid enable release of molecules for over 1 00 days, certain 
hydrogels release proteins for shorter time periods. When encapsulated, antibodies remain in the body for a 
long time, they may denature or aggregate as a result of exposure to moisture at 37°C, resulting in a loss of 
biological activity and possible changes in immunogenic^. Rational strategies can be devised for stabih^tion 
depending on the mechanism involved. For example, if the aggregation mechanism is discovered to be 
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Finally, the support is wjff with another suitable solvent, such as glyJRiffer, pH 5.0. that will release 
the GDNFRa from the antibody. 

GDNFRa antibodies may also be useful in diagnostic assays for GDNFRa, eg., detecting its 
expression in specific cells, tissues, or serum. For diagnostic applications, antibodies typically will be labeled 
5 with a detectable moiety. The detectable moiety can be any one which is capable of producing; either directly 
or indirectly, a detectable signal. For example, the detectable moiety may be a radioisotope, such as 3 H. I4 C. 

P, S. or I; a fluorescent or chemiluminescent compound, such as fluorescein isothiocyanate. 
rhodamine. or luciferin, radioactive isotopic labels, such as, e.g.. I25 |, 32p 14 c or 3 H; or an enzyme such 
as alkaline phosphatase, beta-galactosidase, or horseradish peroxidase. 
10 Any method known in the art for separately conjugating the polypeptide variant to the detectable 

moiety may be employed, including those methods described by Hunter et al . Nature, 144:945(1962); David 
et al. Biochemistry, 13:1014 (1974); Pain et al, J. Immunol. Meth, 40:219 (1981); and Nygren. J. 
Histochem. and Cytochem., 30:407 (1982). 

The antibodies of the present invention may be employed in any known assay method, such as 
competitive binding assays, direct and indirect sandwich assays, and immunoprecipitation assays. Zola, 
Monoclonal Antibodies: A Manual of Techniques, pp.147-158 (CRC Press. Inc.. 1987). 

Competitive binding assays rely on the ability of a labeled standard to compete with the test sample 
analyte for binding with a limited amount of antibody. For example, the amount of GDNFRa in the test sample 
is inversely proportional to the amount of standard that becomes bound to the antibodies. To facilitate 
determining the amount of standard that becomes bound, the antibodies generally are insolubilized before or 
after the competition, so that the standard and analyte that are bound to the antibodies may conveniently be 
separated from the standard and analyte which remain unbound. 

Sandwich assays involve the use of two antibodies, each capable of binding to a different 
tmmunogemc portion, or epitope, of the protein to be detected. In a sandwich assay, the test sample analyte 
.S bound by a first antibody which is immobilized on a solid support, and thereafter a second ant.body binds 
to the analyte. thus forming an insoluble three-part complex. See, e.g.. US Pat No. 4,376,110 The second 
antibody may itself be labeled with a detectable moiety (direct sandwich assays) or may be measured using an 
ant,-immunoglobulin antibody that is labeled with a detectable moiety (indirect sandwich assay). For example 
one type of sandwich assay is an ELIS A assay, in which case the detectable moiety is an enzymeT h e 
following Examples of specific embodunents for carrying out the present invention are offered for .l.ustrative 
purposes only, and are not intended to limit the scope of the present invention in any way. 

The disclosures of all publications, patents and paten, applications cited herein are hereby 
incorporated by reference in their entirety. 

EXAMPLES 

35 Example I 

Cloning of GDNFRa 

Ventral midbrain t.ssue of EM rat embryos, containing GDNF responsive dopaminergic neurons was 
used to generate a cDNA library in a cytomegalovirus based expression vector (Holmes « al Science 
253:1278- I2 80 (1991)). Pools of 1500 cDNAs clones were rransfected into COS 7 cells and expression of 
putative GDNF receptor proteins was detected by binding of iodinated GDNF to the cells followed by 
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auto ra dio graphy or boning of bound co.d GDNF with GDNF antib!K(Geanng e< a,.. EMBO J 8 3667 
3676 (,989)). Three hundred and th.rty cDNA pools were screened. A sing.e pos.tive poo. was identified 
This pool was repeated.y subdivided into ,ma„er poo.s and each poo. was screened unti. a single cDN A Cone 
has been isolated. 

5 The cDNA (nucleic acid sequence shown in Figures I A-.E) was found to encode a novel cysteine- 

nch P rote,n of 468 ammo acid (designated M.-.ength "GDNFRa"), which contains a signa. pept.de at its 
ammo terminus and a stretch of 23 hydrophob.c amino acid a, its carboxy terminus (see Figure Three 
potentia, g.ycosy.ation sites are indicated (Figure 2). The carboxy-tennina. hydrophobic sequence ,s preceded 
by a group of sma.l amino acids (Ala Ser Ser). defining a Ceavage/attachment site for GP. linked prote.n 
• 0 (M.canov.c^,.^.^,^.^ ^, 87:, 57-16, (,990); Moran ^ /o/ C , e/ „ 

,257 (.99,)), The 30 cyste.nes are arranged in a manner that resemb.es the cysteine spacing in the cytokine 
receptor fam,.y (Baza,, Proc. NaH. Aca d . Sc, USA, 87:6934-6938 (,990)). The extrace„u,ar domain ("ECD") 
is flanked by the signal peptide and the GPI-attachment site. 

In .*,*„„ to the cDNA iso.ated by expression cloning, nine other cDNAs were isolated from rat (4, 
13 and mou,e (5) cDNA libraries using GDNFRa cDNA as a probe; of these.8 contained an open reading frame 
GDNFRa, whereas one rat cDNA encoded a shorter open reading frame of 1 58 amino acids which 
may represent an aberrant or a secreted form of this protein. 

One independent cDNA Cone, designated Cone 26. which includes a fu.Mength GDNFRa orf was 
-solated from a mouse cDNA ,ibrary using rat GDNFRa cDNA as a probe. Tne sequence of the 5- end of the 
20 mouse GDNFRa clone(s) is provided with the translation methionine start codon underlined 

CCGGCACTGAATCTAGGAAGGAGCCCAGGATGAGCGGCAGGTTGGGTCGGAACTGAACCC 

CTAAAAGCGGGTCCGCCTCCCGCCCTCGCGCCCGCTCGGAGCTGAGTCCCTGGCGGCGGT 

GGGCGGCAGAGCAACGGGGAGTCTGCTCTCACCCTGGATGGAGCTTAACTTTGAGTGGCC 

AGAGGAGCGCAGTCGCCCGGGGATCTCTGCACGCTGAGCTCTCTCCGCGAGATCCGGTGG 

25 CGGCTTTGGATTTTGGGGGGGCGGGGACCAGCTGCGCGGTGGCACCAIGTtCCTAGCCAC 

TCTGTACTTCGTGCTGCCACTCCTGGATTTGCTGATGTCGGCCGAGGTGAGTGGTGGGGA 

CCGCCTGGACTGTGTGAAAGCCAGTGATCAGTGCCTGAAGGAACAGAGCTGCAGCACC 

And the sequence encoding the C-termina, end of the mouse GDNFRa sequence is provided with the C- 

terminal serine codon underlined: 

30 ^GCAAGTGCCACAAAGCCCTCAGGCAGTTCTTCGACAAAGTTCCAGCCAAGCACAGC 
TACGGGATGCTCTTCTGCTCCTGCCGGGACGTCGCCTGCACCGAGAGGCGGCGACAGACT 
ATCGTCCCTGTGTGCTCCTATGAAGAACGAGAGAGGCCCAACTGCCTGAATCTGCAAGAC 

CCAGAGTCAAGGTCTGTCAGCAACTGTCTTA AGGAGAACTACGCAGACTGCCTCCTGGCC 
35 TACTCGGGACTGATTGGCACAGTCATGACTCCTAACTACATAGACTCCAGCAGCCTCAGT 
GTGGCGCCGTGGTGCGATTGCAGCAACAGTGGCAATGACCTGGAAGATTGCCTGAAGTTT 

^rr^7 TTTTAAGGACAATACGTGTCTCAAAAA ^ 

TCGGATGTGACCATGTGGCAGCCAGCCCCCCCAGTCCAGACCACCACTGCCACGACTACC 
ACTGCCTTCCGGATCAAGAACAAGCCTCTAGGGCCAGCAGGCTCTGAGAATGAGATTCCC 
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ACACACGTTTTAC^RcTGTGCTAATTTGCAGGCACAGA^rrGAAATCCAATGTATCG 
GGCAGTACACATCTCTGTCTTTCTGATAATGATTACGGAAAGGATGGTCTCGCTGGTGCC 
TCCAGCCACATAACCACAAAATCAATGGCTGCTCCTCCCAGCTGCGGTCTGAGCTCACTG 
CCGGTGATGGTGTTCACCGCTCTGGCTGCCCTGTTGTCTGTATCATTGGCAGAAACATCG. 
5 The sequences are highly homologous to ihose in Figures I A- 1 E at both the amino and nucleic acid levels. 

Other sequences that find use in the invention, particularly as probes to identify additional GDNFR 
sequences, including human variants, include or comprise the human EST-derived sequence designated 
ye83h05.rl or fragments thereof: 

5'-AGGGAATTTGGCCCTCGAGGAAGGAGA7TCGGCACGAGGCCAAGAGCAAC 
10 CATTGCCTGGATGCTGCCAAGGCCTGCAACCTGAATGACAACTGCAAGAA 
GCTGCGCTCCTCCTACATCTCCATCTGCAACCGCGAGATCTCGCCCACCG 
AGCGCTGCAACCGCCGCAAGTGCCACAAGGCCCTGCGCCAGTTCTTCGAC 
CGGGTGCCCAGCGAGTACACCTACCGCATGCTCTTCTGCTCCTGCCAAGA 
TCAGGCGTGCGCTGAGCNCGCGGNCAAAACCATCCTGCCCAGCTGCTCCT 
15 ATGAGGACAAGGAGAAGCCCAACTGCNTGGACNTGCGTGGCGTGTGCCGG 
A-3'; and the human EST-derived sequence designated y!70a I O r I or fragments thereof: 
5'-GCAACCATTGCCTGGATGCTGCCAAGGCCTGCAACCTGAATGACAACTGC 
AAGAAGCTGCGCTCCTCCTACATCTCCATCTGCAACCGCGAGATCTCGCC 
CACCGAGCGCTGCAACCGCCGCAAGTGCCACAAGGCCCTGCGCCAGTTCT 
20 TCGACCGGGTGCCCAGCGAGTACACCTACCGCATGCTCTTCTGCTCCTGC 
CAAGACCAGGCGTGCGCTGAGCGCGCGGGCAAAACCATCCTGCCCAGCTG 
CTCCTATGAGGACAAGGAGAAGCCCAACTGCCTGGACCTGCGTGGCGTGT 
GCCGGACTGACCACCTGTGTCGGTCCCGGCTNGCCGACTTTCCATGCCAA 
TTTGTTCGAGCCTTCCTACCAGACGGGTCACCAGGCTGCCCTNGCGGACA 

25 ATTTACCAGGGCGTGTCTTGGGGTCTTNATGTTGGCATGATTGGGTTTGA 
CAT-3*. 

Also of interest are sequence fragments derived from the above two sequences, and nucleic acids 
comprising these fragments or proteins comprising the amino acid sequence encoded by these fragments, for 
example: GCAAC CATTGCCTGGATGCTGCCAAGGCCTGCAACCTGAATGACAACTGCAAGAA 

30 GCTGCGCTCCTCCTACATCTCCATCTGCAACCGCGAGATCTCGCCCACCG 
AGCGCTGCAACCGCCGCAAGTGCCACAAGGCCCTGCGCCAGTTCTTCGAC 
CGGGTGCCCAGCGAGTACACCTACCGCATGCTCTTCTGCTCCTGCC. and 
GCAACCATTGCCTGGATGCTGCCAAGGCCTGCAACCTGAATGACAACTGC 
AAGA ' iCTGCGCTCCTCCTACATCTCCATCTGCAACCGCGAGATCTCGCC 

>5 CACCGAGCGCTGCAACCGCCGCAAGTGCCACAAGGCCCTGCGCCAGTTCT 
TCGACCGGGTGCCCAGCGAGTACACCTACCGCATGCTCTTCTGCTCCTGC 
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Example 2 

GDNFRce Binds GDNF 

To characterize the interaction between GDNF and GDNFRa cross-.ink.ng and competition b.ndin. 

Ih ° Vary (CHO) Ce " S S,2b,y eXPrCSSing ° r 3 " « — Abated for 

.h a, 37 C e lt her in the presence or absence of P.PLC (2 ug/ml) and were then .suspended at a density of 

x .0 /mnn.ceco.dL^mediawith , mM phen y hneth y , ul fo ny , Huoride and 50 P M '^(-labeled GDNF and 

mcubated at 4 o C for 2 hr. Forma.dehyde was added to a Hna. concentrate of 4% at room temperature for 

10 1Tb ff IT WerC W3Shed 3 ,imCS Wi,h ' ° f Ph0S " h - bu ^ Ce„ S were then .ysed ,n 

• 0 buffer (80 mM Tris-HC, [p H 6.8, ,0H fv/v, g, yc ero,. ,* SDS . 0.02 5 o /o Brompheno, bL and 

oaded on to SDS-poiyacry, amide ge.s. Three proteins of approximate., 85 kD , , 80 kD and 200 kD were 
detected as crossed to , « * GDNF in ce..s expressing GDNFRa (Figure 3). These proteins were absent 
when the cross-Unking reaction took p.ace in the presence of excess un.abe.ed GDNF or when 125, GDNF was 
crossed to cells expressing an irre.evant ce„ surface protein (Figure 3). The - 80-85 kDa protein band 
likely represents a complex of the 58 kDa GDNFRa and the 15 kDa GDNF monomer, whereas the higher 
tno ecu la, ht bands may ^ ^ ^ ^ ^ ^ ^ ^ 

mo.ecules like Ret (see be.ow) or dimer.zat.on of the '25, GDNF/GDNFRa comp.ex. Cross .inking of ^ 
GDNF was vinua.« y abo.ished fo.lowing treatment with phosphoinositide-specif.c phospho.ipase C (P.PLC) 
an enzyme that specially cleaves GP!- .inkage (Figure 3), supporting the not.on that GDNFRa is indeed a high 
20 affinity GPI- linked, GDNF binding protein. 

rnNFB COmpetiti °" "Perimem. further indicate that GDNF binds specially and reversib.y to 

PM r-.abe.ed GDNF and various concentrations of co.d GDNF. The IGOR program was used to 
determine K & Competition binding of '25, GDNF to Chinese hamster ovary ce.ls stab.y expressing GDNFRa 
25 demonstrated that GDNF binds specific^ and reversib.y to GDNFRa and that the two prote.ns interact w.th 
an approximate K d of 63 pM (Figure 4; Scatchard analysis insert). 

As predated from the presence of consensus sequence for GPI .inkage. P.PLC treatment of fax-sorted 
ce s expressing GDNFRa, reduced GDNF binding (F.gure 5). For fax sorting. Ch.nese hamster ovarv (CHO, 
ce..s stab.y expressing recombinant GDNFRa. or an unrelated contro, protein, under the control of an SV40 
promoter, were incubated for lh at 37°C either in the presence or absence of PIPLC (2ug/ml) (Koke e/ al 
2 * P u PUrifiCa ' ,0n - 2:51 - 58 (199 '» GDNF (100ng/ml) and anti-GDNF monoc.ona. antibodies (60*. - 
lOOug m.) were then added, and the cells were incubated for additiona. 30 mi, F.orescent ant.-IgG 

one, EquiIlbrium binding of .25, GDNF to GDNFRa expressmg ce„s was reduced greater than 90% 
following treatment with PIPLC. These results indicate that GDNFRa is a high affinity GDNF-bindin« 
protein. ° 

Example 3 

Tissue distribution of GDNFRa. 

^ The tissue distribution of the GDNFRa mRNA was examined using Northern blots as well as in situ 
hybndizanonanalvsi, Northern blot analysis of GDNFRa transcripts in adult rat tissues was performed. 
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Northern blots were perfo^Pd using commercially available multiple tissuSPot (Clontech. Palo Alto. CA). 
The entire coding region of GDNFRa was used as a probe. A transcript of approximately 3.7 kb was detected 
in adult brain, liver, and kidney under stringent conditions. 

In situ hybridization of GDNFRa probe to E14 rat embryo tissues was performed, including 
midsagittal section, ventral midbrain, spinal cord, and kidney regions. For in situ hybridization, tissues were 
fixed by immersion in cold 4% formaldehyde, equilibrated in 20% sucrose, sectioned at 20 and processed 
as previously described (Fonnum, J. Neurochem., 24:407-409 (1975)) using the entire coding region of 
GDNFRa as a probe. In addition, in situ hybridization of El 5.5 rat embryos was performed. Embryos were 
immersion-fixed overnight at 4°C in 4% paraformaldehyde, then cryoprotected overnight in 15% sucrose. 
Adult rat brains and spinal cords were frozen fresh. Tissues were sectioned at 16 urn. and processed for in situ 
hybridization using 33 P-UTP labeled RNA probes as described (Henderson et at. Science 266:1062-1064 
(1994)). Sense and antisense probes were derived from the N-terminal region of GDNFRa using T7 
polymerase. Reverse transcriptase polymerase chain reaction analysis was performed as described (Henderson 
et at. Science 266: 1 062- 1 064 ( 1 994)). 

GDNFRa transcripts were present in regions where GDNF responsive neurons reside, including 
ventral midbrain (dopaminergic neurons), ventral spinal cord (spinal motoneurons), and in subpopulations of 
GDNF-dependent dorsal root ganglia (DRG) neurons. In the nervous system of EI4 rat embryos. mRNA for 
GDNFRa was found in regions like the ventral midbrain and the ventral spinal cord, where GDNF-responsive 
dopaminergic and motoneurons reside, as well as in the pons, medulla oblongata, choroid plexus, cerebellum 
primordium, diencephalon, and retina. GDNFRa transcripts were also found in whisker follicles, cutaneous 
muscles, tongue, kidney, esophagus, midgut, stomach, testis, genital tubercle and anal canal. GDNFRa 
transcripts are found in the El 5.5 rat outer layer of the midbrain tectum, choroid plexus, cerebellar primordium. 
the olfactory epithelium, whisker pads, genital tubercle, urogenital sinus, testes, the intervertebral discs and 
trachea. In the adult rat nervous system GDNFRa mRNA was detected in the dorsal root ganglia, ventral hom, 
retina, lateral septum, pyramidal and granule cells in inner layers of the cortex, geniculate nucleus, ventral 
midbrain, the superior cerebellum, thalamus, pons, and medulla oblongata. Consistent with the f.ndingtthat 
the kidneys and the enteric nervous system fail to develop in GDNF-deficient mice (see Example below), high 
levels of GDNFRa mRNA are present in developing nephrons and in embryonic smooth and striated muscles 
around the enteric nervous system in the esophagus, gut and stomach. In the adult, GDNFRa transcripts were 
also found in the pars compacta region of the substantia nigra, the ventrolateral cell column of the spinal cord, 
the hippocampal formation, inner layers of the cerebral cortex, lateral geniculate nucleus, superior coliiculus, 
outer margin of cerebellar granule cells, lateral septum, endopiriform nucleus, and claustrum. GDNFRa 
transcripts were also found in non-neuronal tissues including the pituitary, urogenital tract and pancreatic 
primordium. Motoneurons express both GDNFRa and c-ret. Immunohistochemical staining with Ret 
antiserum revealed the presence of Ret in a developing nephron. In the kidney both Ret and GDNFRa are 
expressed in the developing nephrons adjacent to GDNF. In the gut, GDNF and GDNFRa are present berween 
the inner circular and outer longitudinal smooth muscle adjacent to and possibly within the enteric nervous 
system, whereas Ret is present only in the enteric nervous system. 
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Example 4 

GDNFRoc Mediates Response to GDNF 

To determine , ta GDNFRa protein b „ esseraial physiologiea| media , or of p 

c ( p,p LC > „„ie„ ^.iiy clcav „ 0PMinked pro , ei „ s(shukla .^ &< , 0: , K ^ 

( 1982); Rheee/ a/., Science, 244 546-550 (}QKQ\\* n A tu ■ ■ . • 

*-^t> 550 (1989)) and the.r surv.val in the presence of GDNF or other factors 

5.S2, 8 28 <„„». E.4 rat motoneurons (Henderson „ al & „« e 266:|062 ., 064 , 

« .«~<B^ A« ^ *, «* «««4. 0 , 38 (19901) were ^ 
» grown « mpllc „ e we,,, PIPLC (2 . ue , ml) _ ^ k fc ^ icaKd • P. • d 

» 2* addilio „ of lne , ndicaled erowh fa _ md _ he mmber 

« ^^ ymp.-.c™^ survive gco„ce„t„,i„„ s „ f GDNF wa, educed by 50 7cT 

Z Cma ~ C5d,he " Umbe " fEI4 ^'---»n S oro f o^^ i «„ euro „ stba , su „ ivcdin 
ai^JDNF ^ a ''rc rent systems, PIPLC reduced the survival promoting effects of GDNF 

* 0 ., a,™c 50 >fo, nodose sens„y„eurons<EC 5c , for CicK nodose neurons is 6, ngrtn, B„, 

ZZf,^ ' 5:!21 ' 828 " 9 ' 5,, Md " 0J re,ml fw — <«-— - 

binds GDNF and reduces its effective concentration (Figure 9A). 

Antisense „igo„uc,eo,ides ,o GDNFRa were used to block GDNFRa expression in primary 
emb^nic motor „ d ^ o,,^^ _ d > * 

incZ; : mFi8Ure ' W1,ere2SODNF ^^--'»'-.^~ i »con,o,c .turesan 
eu.tures con-.mng senseongonucleotides. no response to GDNF was observed in cultures c„„„i„i„. 

conlamtng GDNFRa ,„„ sc „ se oligonucleotides and in control culture, 

and sensoT"""' ^T" 8en<,rM " 1 " ° DNF "» -or 

^<™™«)M'»'r«^ub itorf . r ^„ CN „ ( ^ arf ^. 

P~ ft ^™.. 33:58 , 3 . 5818 (1M4) , ,„ , he pre „ nl ^ aj 2 

loi;;:,:; ,h ?; y p,pLc - aKd ~~ — — — o*,™. :, 

completely restored the survival promoting effects of GDNF in PIPLC-treated nrimar*. . 

"« ^'rL^-treatea, primary motor and sensorv 

T, ^ GDNFRa is expressed on GDNF-respo„s„e neurons, and ,i k e tbe recep.oZ 
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et al.. Proc. Natl. Acaa^M USA. 90:9930-9934 (1993)). is anchored toWcell membrane by a glycosyl- 
phosphatidyl inositol ("GPI") linkage (Low et al.. Science, 239:268-275 (1988)). 

Neurite outgrowth activity was determined with PC12 cells. Rat pheochromocytoma PC12 cells, 
which are dependent on neurotrophic factors for survival in serum-free media, and express low levels of Ret 
5 (data now shown) were grown without serum in the presence of GDNF. soluble GDNFRa or both and 
examined 7 days later. Soluble GDNFRct, which was produced as a carboxy terminus His tagged protein in 
293 human embryonic kidney cells, was purified by Ni-NTA chromatography as described (Moran et al.. J. 
Biol. Chen,., 266: 1 250- 1 257 ( 1 99 1 )). PC 1 2 cells, were seeded on collagen polyomithine-coated 3 5mm dishes 
in RPMI medium supplemented with 10% horse serum and 5% fetal calf serum. Following attachment, the 
10 cells were switched to serum-free medium and then exposed to GDNF ( 1 00 ng/ml) and soluble GDNFRa 
(sR«) as indicated (Figure 9C). The number of live neurite-bearing phase bright cells per microscopic field 
was determined 7 d later as described (Micanovic et al.. Proc. Natl. Acad. Sci. USA, 87:157-161 (1990)). 
With GDNF or soluble GDNFRa alone, only a few neurite-bearing. phase-bright, live cells were found In 
contrast, when PC12 cells were exposed to both GDNF and soluble GDNFRa, an increase in the number of 
1 5 living cells with neurites was observed (Figure 9C). The combination of soluble GDNFRa (sRa) and GDNF 
induced neurite-outgrowth response of PC 12 cells. Soluble GDNFRa imparted GDNF-responsiveness to PC 1 2 
cells. GDNFRa is thus an important component of the GDNF signaling cascade and has the properties 
expected of a ligand-binding subunit of a functional GDNF receptor. 
Example 5 

20 GDNFRa and Ret Form a GDNF- Receptor Complex 

Since GDNFRa is anchored to the outer surface of the cell, transmission of GDNF signals followmg 
binding to GDNFRa must involve an additional transmembrane protein. Other members of the TGFp protein 
superfamily, of which GDNF is a member, that have a GPI-linked binding protein have a transmembrane serine 
threonine kinase receptor as well as (for reviews see: Massage et al.. J. Biol. Chen,.. 266:20767-20772 ( 1 99 1 ) • 
25 Cheifetz */*/.. J. Biol. Chen,., 266:20767-20772 (1991)). The structure of GDNFRa indicates that a receptor 
complex for GDNF, like the receptor complexes for CNTF (Davis et al.. Science 260: 1 805- 1 809 ( 1 993 )) and 
for endotoxin (LPS) (CD14; Lee eta!.. Proc. Nail. Acad Sci USA. 90:9930-9934 (1993)). will be composed 
of multi-subunits. including a ligand-binding component (GDNFRa disclosed herein) and a trans-membrane 
signal-transducing molecule such as gp 1 30. The phenotype of mice lacking the orphan tyrosine kinase receptor 
30 ere, (Schuchardt et al.. Nature 367:380-383 ( 1 994); recently confirmed by Durbec et al Nature 38 1 :789-793 
(1 996)) have a striking similarity to the phenotype of the GDNF-deflcient mice first made and examined herein 
(see below). In addition, the tissue distribution of Ret (Pachnis et al. Development 1 19:1005-1017 (1993) 
Avantaggiato^a/. Cell Growth Diff. 5:305-3 1 1 ( 1994); Tsuzuki et al. Oncogene .0:19.-198 (.995) Davis 
etal. ^ce259:.736-.739(.993))wa S similar,othatforGDNFRa(datanotshown). To confirm , ha, 
35 GDNF has a transmembrane receptor, namely Ret, that complexes with GDNFRa to signal and mediate a 
GDNF response, physical interaction of GDNFRa and Ret were determined. The human neuroblastoma SK- 
N-SH and the mouse neuroblastoma Neuro-2a, cell lines that express endogenous cret, were exposed to GDNF 
alone or to GDNF in combination with soluble GDNFRa for 5 minutes and the level of Ret tyrosine 
phosphorylation was determined. To assay for tyrosine phosphorylation of Ret. cells were incubated for 1 h 
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co 1 dbuff„ ( ,0„M S od,„ m p h os p h»,« lp „,.0|. ,O0 m MNaCI. I % NP40, 5 mM EDTA, m mM sodiun, 
a g a,ns, , he „ amln0 acld carboxy| leraiinus of Ra ^ ^ m ^ 

ZTTT pro,ei "* ~* relcased by boi,ine " SDS samp,e ~ - -■«* 'SDS- 

GDNF induced modes, pnospnoryla.ion of Rel m „„, „„„ „„ ^ 

::r s *• buman Rei ,da,a - *~* - — — < " 

,5 GDNFR 77"" indUC,i ° n ° f R " ^ ■*"■*-»'— is deaden, „„ fc prcse „ ee of 

l> ODNFRoc, Neuro-2a celk anr* w xi cu M "h'»chlc or 

, v-mu-^a ecus ana s>K-N-SH ce Is were treated with PiPi r ™a *u „ 
«* m .^ 1 ireaiea with PIPLC and the response of Ret to GDNF was 

_ ,„ „ wl.h surviv „ raponJes ,„ GDNF reouire fc prese „« of GDNFRa 

- -™- or p h „ s ^, Mio „ ,„ Re , _ dcIeclcd in , hcse P1PLC _ ted ce „ s h ; 

GDNF a,™,, ,„ „„„»,, s , irmlla , on of ^ osil , e i,^^,,,^ he , 70 ^ 

observed ,n PIPLC «a,.d Neuro-2, ,„d SK-N-SH cell, when raw V 
20 GDNFRa <Fi g „re ,„ A .„„ ta nol shown) 

co„d b T'T^"™'"^™"'^^^ 

«- b. ,„ Ne U ro- 2 a ce„s . spressi „ g b| 8 „ levels of an endows Re, o r „ c e„ s expresslng 

25 ~^ plaW e Re, /GDNF convex, wblcn could be m ed ia .ed b y 

H ^ mC " b -" iCki " ta ^ 2 ''-"--™^™sfec,edv- i ,b.„ rapre!s , 0 

3 1777" wi,h a ' omb """°" of " prcisk - • f ™< 

^tL^^^ -- -^ 2 "^'™''^ —™ed 

30 Z " S ^ an " b, ""' ' 0 RM *« * "NF.. ..one „„ eo- 

GDNF fton , „„ s „,„, expr=ss ^ Ret odnfR([ (Figore . 

k -*~' ODNra ' ~** «'«„,„e„ t ,a„s i e„„ y , ra „ sf e c ,ed „,,K ex pressi o„ vec,o„ e 
:* eP '~ GDNFRa »d ^ a„a, yz ed f„ ,be ^ ofGDNFRA/Re, P ,o,e, e. m el 
. presence or absence of GDNF. Cells were s.irnuL.ed „„b GDNF as i„dic a ,ed a „d lys ed „l,b B, , 

-» .nrnrnnop^ed „„„ . po^dpn., anlibo<ly ^ 0DNp ^ ■ » 
«-«-. on,. . „ iffMe ,, uloS e ta „ alyzed w „„ 

op»ope u 8g ed GDNFRa ( F, gure ,0D, ,„ ce„s „ expressed Re, a,„e or ,He e.i.ope ,. g6 , d GDNFRa 
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(Figure 10D). In contrd^B! cells expressing both epitope tagged GDffliK and Ret, a protein complex 
containing both proteins was readily detected following exposure to GDNF (Figure 10D). These findings are 
consistent with the idea that GDNF. GDNFRcc and Ret can, in the presence of GDNF, form a complex on the 
cell surface, that Ret is a component of a functional GDNF receptor, and that GDNFRot is a required 
intermediary in the interaction between GDNF and Ret. 
Example 6 

The mouse GDNF gene was disrupted by homologous recombination in embryonic stem ("ES") cells 
and a targeted clone was injected into blastocysts to generate GDNF mutant mice. Amino acids 103-2 1 1 of 
the mature biologically active portion of GDNF (see Figure ! ) missing from the targeting construct produced 
the disrupted allele. The targeting construct was created as follows. A 3Kb Sph I -Eco Rl genomic fragment 
encoding amino acids 52- 1 02 of GDNF was fused in-frame to the lacZ gene. A neo r gene under the control 
of PGK promoter and a 3. 1 kb Bgl II -Bam HI fragment from the 3" end of the GDNF gene were inserted 
immediately downstream of the lacZ gene. GDNF gene fragments were obtained from a murine 129 lambda 
library. The targeting construct was electroporated into ES-D3 cells. G4I8 (400 micrograms/ml) resistant 
15 clones were isolated. ES targeted clones were injected into BALB/c blastocysts and a single clone was 
transmitted through the germline. Homologous recombination event in a single ES clone was determined by 
Southern hybridization. Southern blots were used to confirm the disruption. Genotype analysis of wild-type 
(+/+), heterozygous (+/-) and homozygous mutants (-/-/animals was determined by PCR. In the analysis, an 
upper band observed was specific for the W gene and a lower band was specific for the wild-type GDNF 
20 gene. 

Mutant mice were examined. Whereas GDNF mRNA was found in the kidney, intestine, ventral 
midbrain and skeletal muscle of normal El 5.5 mice, no GDNF transcripts could be detected in liner mates 
homozygous for the mutant allele (GDNF-' ) Heterozygous mice were normal in size and were 
indistinguishable from their wild-type (WT) litter mates. In contrast, although GDNF" 7 ' mice were able to 
25 suckle and had normal limb and body movements, they died 1-1.5 days after birth. 

GDNF was first identified by its ability to prevent the death of embryonic dopaminergic neurons in 
culture (Lin et al. Science 260: 1 130-1 132 (1 993)) and in lesion models in vivo (Beck el at. Nature 373. 33'). j 4 , 
(1995); Keams et al. Brain Res. 672:104-1 1 1 (1995); Tomac el al Nature 373:335-339 (1995)) ami was 
subsequently shown to be expressed in the embryonic striatum, a major innervation target for dopaminergic 
neurons (Schaare/ al. Exp. Neurol. 124:368-371 (1993); Sternberg et al. Exp. Neurol. 124:40 1-4 1 2 ( 1 993). 
Poulsene/a/. Neuron 13:1245-1252(1994)). Whether GDNF is an essential survival factor for dopaminergic 
(DA) neurons during normal development was examined. The number of neurons in different ganglia in pi 

WTand GDNF mice was determined. Neuron type examined included dopaminergic, facial motor, spinal 

motor, noradrenergic, trigeminal, nodose, DRG, petrosal, vestibular, and SCG Animals were processed and 
35 neuronal counts were preformed as in Jones et al. (Cell 76:989-999 (1994)). The number of ganglia was 
recorded. The striatum, ventral midbrain, substantia nigra, locus coeruleus. and facial motonuclei ,n the 
GDNF' A mouse was examined after tyrosine hydroxylase (TH) staining and compared to PI WT and GDNF - - 
mice. TH is the rate limiting enzyme in dopamine synthesis. A reduction in the density of TH fibers in the 
striatum of the GDNF" 7 - mouse was observed. Animals were anesthetized and perfusion fixed with 4% 
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paraformaldehyde inWRl phosphate buffer sectioned stained and anlfed as descnbed (Jones e, al Cell 
76:989-999 ( ,994)). Surpris.ng.y, the number of tyrosine hydroxylase positive (TH+) dopaminergic neurons 
m the ventral midbrain and the density of dopaminerg.c projections to the striatum were identical in GDNF"'" 
and WT animals. 

5 Since develops, of DA neurons in mammals is protracted and continues postnatal.y (Coyle , a, 

J.NeurocHen,. 27:673-678 (,976); Spec*,,*/. Co„ P . Neurol. ,99:255-276 (,98 ,)), the number of TH + cel., 
» the midbrain of P42 GDNF heterozygous mice was compared. The results are presented ,n Table . " 

Table 1 

Number of neuro ns in diffe r ent ganglia in P 4? W T and flOMF^ " 
10 Neuron Tvpe Wild Typ e GDNF ne * 



15 



20 



25 



mice 



30 



35 



40 



(N=8) 

Facia] MN 1701+ 55.8 



(N«12) 
1657 + 54.4 

Dopaminergic 118.04 ±7.34 1 12.88 ± 9.04 

Noradrenergic 1218.5+91.24 1068 + 38.19 



Table legend: The processing of animals and count of TH-immunoreactive cell m.mk^c \u 

animal Count of TH IR cell nfimh T , re P resented as the mean number of cells per sect.on per 

iHumination at ,200 magnificat. ^emSnum^S 

Surprisingly, „ 0 deflcit ta the number of dopaminergic neurQns (Tab(e , ■ ^ jn ^ ^ (+ ^ 

» the striatum was detected in GDNF+'- m.ce. These resu.ts indicate that GDNF is not a reared wvi v al 
factor for embryonic dopaminergic neurons and is not a limiting surv.va, factor for dopaminergic neurons ,n 
the adult, as had been previously suggested (Lin e, al. Science 260:, .30-M32 (,993); Beck a al w, 

GDNF ,s a potent neurotrophic factor for embryonic spinal motoneurons in cu.ture and prevent the 
death of les.oned facial motoneurons in v, vo (Henderson e, al. Science 266:1062-, 064 (,994) Van „ al. 
Nature 373:34,-344 (,995); Oppenheim e, al. /W, 373:344-346 ( ,995)). Whether GDNF, expressed ,n 
ske,e,a, musCe, is required for motoneuron survival during embryogenesis was determined. Sma.l UeKcits 
were detected ,n the lumbar spina, and trigeminal (<20%) bu, no, facia, nuclei of PI GDNF"'- micc , n 
addttton. no deficit in facia, motoneurons was observed in P42 GDNF*'' animals (Table 1 ) These t ind,no S 
argue against the possibility mat GDNF is a major neurotrophic factor for voluntary motoneurons dur.n, I 
penod of naturally occurring cell death (Henderson e, al. Saence 266: 1 062- , 064 ( , 994); Van e, al W, 
373:341-344 (,995); Oppenheim el al. Nature 373:344-346 (1995)). 

GDNF was recently shown to prevent the chemically induced death of noradrenergic neurons ,n the 
locus coeruleus and to promote their fascicu.ation and sprouting in whole animals (Arenas « al.. Neuron 
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15:1465-1473 (1995)). ^Pc findings suggested that GDNF may be aJHrai neurotrophic factor and a 
potential therapeutic agent for noradrenergic neurons which degenerate in Alzheimer's and Parkinson's 
diseases. Upon examination, noradrenergic, locus coeruleus neurons were found to be normal in size and in 
number in both the PI GDNF -/ " and in P42 GDNF +/ ' (Table I) mice. Likewise, although GDNF is 
5 upregulated in the hippocampus, cortex, and striatum following chemically induced epileptic seizure or 
injection of excitatory neurotransmitters (Schmidt-Kastner et al. Brain Res. Mol. Brain Res. 26:325 330 
(1994); Humpel et al. Neuroscience 59:791-795 (1994)), no gross deficits were identified in the cerebellum, 
basal forebrain, hippocampal formation, striatum and neocortex of PI GDNF -/ " mice. Only a small deficit in 
spinal motoneurons (<20%) and no deficit in noradrenergic or dopaminergic neurons, at post natal day I (Pi) 
1 0 was observed. These findings suggest that the presence of GDNF in the embryonic CNS and in innervation 
targets may reflect, at least in part, involvement in differentiation, regulation of axonal sprouting, 
synaptogenesis, choice of neurotransmitters, conduction velocity or synaptic efficacy. 

Consistent with the observation that GDNF promotes the survival of chick embryonic sympathetic 
and nodose sensory neurons in culture (Buj-Bello et al. Neuron 15:821-828 (1995)). a reduction in the number 
of sympathetic superior cervical ganglion (<35%), nodose neurons (<40%). as well as in dorsal root ganglia 
(<40%) neurons was detected. In contrast, no deficit in the number of trigeminal or vestibular ganglia neurons 
was noticed. 

^ The enteric nervous system in WT and GDNF'''' mice was examined. Small intestine from WT and 
GDNF" " mice was stained with H&E or with antibodies against the neuronal specific protein peripherin. PI 
mice. EI3.5 mice were examined. Myenteric (Myn) and submucosal (Sub) neurons in WT animals were absent 
in GDNF-/- mice. Animals were perfusion fixed with 10% neutral buffered formalin, paraffin embedded and 
sectioned at 5 M m for light microscopic analysis Antibody staining was performed as in (Jones et al. Cell 
76:989-999 (1994)), using polyclonal anti-peripherin antibodies (Chemicon Inc.) at 1.300 dilution The 
myenteric (Auerbach) and submucosal (Meissner) plexi were examined for neuronal deficits. Enteric nervous 
25 system (ENS) neurons belonging to these 2 plexi were readily visible along the length of the gastrointestinal 
tract in E13.5. E15.5, and PI WT and GDNF +/ " mice by light microscopy as well as following staining with 
an antibody against the neuronal specific marker peripherin. In contrast, these neurons were completed absen> 
in aged matched GDNF + litter mates. Furthermore, the muscle wall of the intestine was thinned in GDNF 
relative to their WT or GDNF^ litter mates. Although the ENS originates primarily from neural crest cells 
of the hindbrain region, a significant effect on other neural crest derived neurons was not observed. These 
combined findings suggest that GDNF is essential for the survival and/or development of enteric neurons 
shortly after they enter the embryonic bowel (Gershon et al. J, Neurobiol. 2: 199-2 14 ( 1993)). and that GDNF 
induced innervation may be required for the development and/or maintenance of smooth muscles in the 
intestine. Absence of the ENS was previously noted ,„ mice lacking the orphan tyrosine kinase receptor RET 
35 (Schuchardt et al. Nature 367:380-383 (.994)). GDNF has been reported as abundantly expressed in the 
smooth muscles layers of the intestine during embryogenesis and the presence of GDNF mRNA in the 
embryonic kidney mesenchyme had been reported (e.g., Trupp et al. J. Cell Biol. 130: 137- 148 (1995)) 

The kidneys in WT, GDNF^ and GDNF" / " mice were examined. Low power photomicrographs of 
abdomen in PI WT. P. GDNF-/-, P, GDNF+/-. and P42 GDNF+'" mice were obtained. The position of the 
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kidneys was adjacentWe adrenal g.ands in the WT mice; however, tJeWerc absent in the GDNF"'" a „d he 
.eft k.dney was absent in P, and P30 GDNF +/ ^ mice. H&E staining of saggina, sect.ons fonn in E,3 5 WT 
EI3.5 GDNF" embryos, El 1.5 WT, Ell. 5 GDNF-/- was performed. Ovary (Ovr, was present in the space 
normally occupied by the kidney (Kid), jus, caudal to the adrenal ( Adr). WT. GDNF^" and GDNF +/ " 
5 mice were killed at the indicated age, perfused with 10% neutra. buffered formalin, embedded in paraffin 
seria.ly sectioned, and stained with H&E for microscopic examtnatio. The GDNF genotype of each pup w* 
determuied by PGR analysis, the sex was determined by microscopic analysis of gonads and 2-3 animals were 
histologically analyzed from each genotype and at each age. 

.4/16 GDNF"/- mice had complete bilateral renal and ureteral agenesis, with partia. deve.opment of 
one o t he two kidneys and ureter was observed in a two GDNF- embryos. In heterozygote embryos, pups 
and a u, of both ^ ^ _ ^ ^ ofunilatera , ^ (?/26) ^ 

(4/26) relative to WT mice. Analysis of GDNF- mice at early embryonic stages revea.ed the absence of 
metanephnc kidneys as early as El ,5. Other derivatives of embryonic urogenital intermediate mesoderm 

i5 c a r F a 'r^ 

GDNF and GDNF"'" mice. With respect to the reproductive organs, the single noted change in GDNF -'- 
m,ce was a reversal in the orientation of the ovary in relat.on to the abdominal viscera. This change mav reflect 
an mcrease in available space in the abdominal cavity following renal agenesis or modifications in the 
mesothehal that attaches the ovary to the body wall. 

in addition the GDNF + mice displayed a mild multifocal necrosis in the splenic red pulp which are 
s.tes of act.ve hemopoiesis. Spleens from the 1 day old (PI ) GDNF wild type and the mutant GDNF-knock- 
out (KO) mice, as well as wi,d type KO embryos at day 16.5 (E16.5), El 5.5, El 3.5 and E12.5 of gestation were 
examined. A,l of these examinations were done on ,0% neutral buffered formalin fixed (,4 hours) paraffin 
embedded, 5 micron sections which were stained with hematoxylin and eosin for microscopic eva.uation usino 
standard procedures for evaluating morphologic changes in tissues. A, all the tone points exam.ned. there wal 
production of hematopo.etic elements (erythroid- red blood cel. series- and myeloid -white blood cel. series 
■ncludrng neutroph.ls, eosinophils, lymphocytes and macrophages) in the liver. This is a norma, process durin-' 
development which is still present at birth in mice and it appeared norma, in both the wild tvpe and KO mice^ 
War production of erythroid and myeloid elements also takes place in the red pulp of the spleen, developing 
around E.3.5 and persisting throughout the lifespan of mice. However, ,n the E16.5 KO (1 an.ma,) and the 
PI KO m,ce examined, there were multiple scattered foci of necrosis in the red pulp, frecuent.y adjacent to 
blood vessels. (The foci in the E16.5 embryo were less dramatic than those observed in the P, mice These 
foe were surrounded by developing erythroid and myeloid cells, indicating that these foci originated in 
hematopoietic islands where active cel. proliferation takes place. These areas of necrosis frecuent.y but not 
a.ways, were adjacent to veins in the parenchyma. These veins are the sites where the mature erythroid and 
mye.o,d cells enter the peripheral emulation. There was no evidence of thrombosis or infection to suggest 
another etiology for these necrotic foci. The absence of similar foci a, any developmental age in wild type litter 
mates suggests that u is not due to infection or a cond.tion in the dam (an "environmental" factor, of sorts) but 
, dtrectly related to the KO genotype. These foe, were not observed in the E.5.5 and E.3.5 KO mice but th.s 
"because the spienic hematopoiesis at these gestationa. ages is just beginning to develop At E.6 5 
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hematopoiesis is also be^Big in the bone marrow cavities, the major sit^rTproduction after birth. Similar 
necrotic foci in the bone marrow in El 6.5 or PI KO mice or in the liver of KO was not seen at any of the 
gestational ages examined. The presence of necrotic foci in hematopoietic islands in the splenic red pulp of 
KO mice suggests that GDNF has an effect on splenic hematopoiesis. 

The essentially normal development of gonads in GDNF"'" mice indicates that GDNF is not required 
for organogenesis of pro-nephric or mesonephric kidneys (transient structures that participate in the format.on 
of both the definitive kidney and the gonads) (Saxen. Organogenesis of the kidney (ed. P W. Barlow. P.B. 
Green, and C.C. White), Vol. 19, Cambridge University Press, Cambridge. UK ( 1 987)). Instead. GDNF appear 
to be essential during the period when reciprocal inductive interactions between the ureteric bud (an 
evagination of the mesonephric/Wolffian duct) and the metanephric mesenchyme (caudal intermediate 
mesoderm) give rise to the collecting ducts (ureter) and the filtering system (the renal corpuscle and proximal 
and distal tubules) of the metanephric permanent kidney. Interestingly, bone morphogenic factor-7 (BMP-7). 
another member of the TGF-p protein family, has been shown to be essential for growth and survival of the 
ureter and nephrons but not for their induction (Dudley et al. Genes & Develop. 9:2795-2807 (1995).). 
suggesting that mult.ple members of the TGF-P protein family may regulate distinct aspects of renal 
development. In addition, defects in kidney development (as well as other organs) were observed in mice 
lacking the orphan tyrosine kinase receptor RET (Schuchardt et al. Nature 367.380-383 (1994)) and in mice 
lacking the Willms tumor associated, putative transection factor, fVT-l (ICreidberg et al. Cell 74:679-691 
(1993)). Accordingly, as demonstrated herein. GDNF is involved in kidney organogenesis (Patterson and 
20 Dressier, Curr. Opin. Genet. Dev. 4(5) 696-702 ( 1 994)) to control growth cell differentiation and patterning 
in this organ. 

A number of relatively young (5-7 week old) GDNF heterozygous mice were observed to be 
disheveled, with poor hair coat and weight loss. Four out of 8 were found to have severe, end stage renal 
disease. Examination of the kidneys revealed the microscopic appearance of a I or 2 year old kidney (when 
25 end stage renal disease is usually seen in mice). The lesions appeared to be primarily glomerular in origin, 
characterized by shrunken sclerotic glomeruli and increased glomerular matrix (membranous 
glomerulonephritis). One an.mal had increased acellular mesangial matrix, suggestive of glomerular 
amyloidosis, but special stains were negative for amyloid. This material was PAS positive, which indicates 
it is probably mesangial matrix. Secondary changes observed were tubular dilation and proteinuria. In terminal 
30 animals. BUN and creatinine levels were increased, wh.ch generally occurs very late in renal disease when . 
>70% of the renal mass is lost. As shown above, some GDNF heterozygotes have only I kidney; however, this 
severe renal disease was seen in an.mals that had I or 2 kidneys (and in both sexes). These results indicate that 
the disease present in GDNF heterozygotes is a membranous glomerulonephritis. 

Seven pairs of age-matched GDNF wild type and heterozygous mice were screened by clinical 
35 pathology, hematology, and light and electron microscopy. These mice were 2 1-23 weeks old. and except for 
aslight elevation of BUN (34 vs 25) in the heterozygotes, there was no evidence of renal disease. We did some 
electron microscopy on the heterozygotes with the highest BUN (44), but it was generally ultrastructurallv 
normal. There were some areas where the epithelial pedicles were fused. Since these animals were much older 
than those examined at necropsy previously, they probably were not susceptible to the renal disease. 
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In summaWhe work presented herein demonstrates tha^F is not an essential neurotrophic 

IX G r D tr mer8iC *r ,0r ' " n0radrener8lC ^ dUnng emb ^ e " eSiS 35 ~. 
Rathe, GDNF appears to be essentia, for the surviva, or development the enteric nervous svstem and for , h e 

d.fferent.ation of the metanephnc kidney and ureter from the caudal mtermediate mesoderm 
Example 7 

Anti-GDNF Monoclonal Antibodies 

demon*™,,, fc hl6 „ est liKr of mtibody ,„ ^ ^ ^ ^ 

CA) w„h ,„ e mo*. „, ye , oma „ lls (sp2/0; America „ Type Cutoe Co|teciiOT R<)ckvj|te MD) • a ft ^ | • 
day* , h e s^™,^ „ ere „ d produc| . on hoDNF 

taM — *- - V <EUSA>. tan. p,, si , ive clones show| „ g „. bighest 
.h. -end ™„d „f cloni „ 8 „« injec , ed ,„,„ mice for (b ^ prodncik)ii o 

a»,« S „ ulds WCTe poo.e. and purified by amnl ^ chromalo8 „ phy (pham , acia u 

[FPLC); Phama ^ Uppsala Sweden) o „ mphylococ£ai praein a (ptamac a) ^ ^ 
an.,bod,, P ,^,i„„ s „ ere sKrile r „ lered ^ _ sije; Na|gene Rochcsier 
phosphate-buffered saline (PBS). 

MicrotiterpJates were coated with 100 ^we.I ofrhGDNForrhTGF-fi, (Genentech, «nc, , Mg/mL} 

oZ 'r T 31 ' eaSt ' hr ^ PBS Comainin8 °" 5% bovine — 

OAS* Tween20(PBS/BSA^0). The p.ates were washed again three t.mes with wash bufTer, and 

of samp.es and controls were added for ,-2 hrs a, ambient temperature. The p.ates were washed three t.mes 

and mcubatedfor ,-2 hrs at ambient temperature with HRP-co„ jug a,ed goat anti-mouse ,gG (Fc specific, 

-PBS (S.gma; one 5 m g tab.et per ,2.5 mL of PBS; 1 00 ,L7wel.) for .0-20 minutes at ambient temperature 
The reacnon was stopped with 2.5 N H 2 S0 4 . The resu.ting absorbances (490 nm using a 405 nm reference 
filter) were recorded using an automatic p.ate reader (UV Max. Mo.ecu.ar Devices, Pa.o A.to CA) 

The .soe.ectric points of the purified MAbs were determined using the Phast-System (Pharmacia) 
following manufactures procedures. 

SDS-PAGE can be used for purity analys.s and immunoblotting. One-dimensional SDS-PAGE was 

ToTn aCCOrdi " 8 ,0 meth ° d ° f Laemm,i USi " 8 4 - 20% TriS - g ' ydne •* ^ ^-initas, CA) 
rhGDNF (I Mg per ,ane) and 5 ,L of biot.nylated molecular weight standards (Bio-Rad) were added to the 

appropnate gel ,anes and e.ectroohoresed at , 25 V (approximate* 32-35 mA) for , .5-2 hr. The gels were used 

zr^Tiir t w was diiuted to 100 * e/mL in samp,e buffer (8% sDs - 4 ° % «M 

Tr s -HCI-273 mM Tns base. 0.5% fw/v] xy.ene cyano.e. and 0. 5 o/ o (w/v] brompheno, b.ue) in the presence (5% 
[v/v, B-mercaptoethano.) and absence of a reducng agent. Reduced samp.es were heated at 90>C for 5 min 

PBS/BSA^Tr b, °r ine ^ ^ Perf0m,Cd AftCr tranSfer ' mCmbraneS ^ b -ked with 
PBS/BSAmo for at .east , hr at amb.en, temperature, and .ncubated with the affinity-purified MAbs (diluted 

* . ,n PBS/BSA^O) for . hr at amb.en, temperature. The sheets were then washed with PBS-0 05-* 
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T20 and the appropria^Rp conjugates (rat anti-mouse IgG-HRP [Wffinger Mannheim], 1 :5000: or 
streptavidin-HRP [Sigma. St. Louis. MOJ, 1 : 10,000; each diluted in PBS/BSA/T20) were added for 1 hr at 
ambient temperature. The sheets were then washed and exposed to luminol substrate (Amersham International. 
Amersham. UK.) for 1 min at ambient temperature with agitation, and exposed to X-ray film (Eastman Kodak, 
Rochester, NY) for approximately 15-60 sec. 

Fourteen rhGDNF MAbs. of varying isotypes. capable of binding both immobilized rhGDNF and 
rhGDNF in solution were found. The MAbs do not crossreact with rhTGFC, and bind both non-reduced and 
reduced GDNF protein. Five (5) of the MAbs were suitable for immunohistochemical analysis MAbs 1 694. 
1712, 1717. 1725 and 1731 are capable of binding GDNF complexed with its putative receptor. The other 
Mabs were designated 1693. 1695. 1696, 1709. 1710, 1711, 1713. 1714, 1715, and 1716. The designates 
are those assigned to the hybridoma producing each Mab. Epitope specificity of the MAbs can determined by 
crossblocking analysis. 

In summary, provided herein is a unique receptor system for GDNF, in which GDNFRa, a novel GPI- 
linked protein, is a ligand-binding component and the tyrosine kinase receptor Ret is a signaling component 
The GDNF receptor complex resembles in part the receptors for ciliary neurotrophic factor (Davis et at. 
Science 259:1736-1739 (1993)), bacterial endotoxin (Lee e, a/. Proc. Natl. Acad. Sci. USA 90:9930-9934 
(1993); Pugin etal. Proc. Natl. Acad Sci USA 90:2744-2748 (1993)), and receptors in the immune system in 
which GPI- linked proteins serve as ligand binding components and cytoplasmic tyrosine kinases serves as the 
signaling components (Brown, Curr. Opin. Immunol. 5:349-354 (1993)). GDNF may represent an evolutionary 
transition within the super-family of the cysteine knot-containing proteins, from growth factors that use serine 
threonine kinase receptors (the TGFp branch of this super-family) to growth factors that use tyrosine kinase 
receptors (the nerve growth factor and platelet-derived growth factor branches of this super family: McDonald 
et al. Cell 73:42 1-424 (1993). The identification of additional neuronal and non-neuronal cells and organs 
dependent on GDNF and the discovery of the receptor and associated receptor system for GDNF. presented 
herein, provide the means for modulating and controlling cell activity and survival. This provides additional 
and specific methods of treatment available to the clinician. 
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(ii) TITLE OF INVENTION ; USES OF GDNF AND GDNF -RECEPTOR 
(iii) NUMBER OF SEQUENCES: 12 
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(iv) CORRESPONDENCE ADDRESS : ■ 

(A) ADDRESSEE: Genentech, Inc 

(B) STREET: 460 Point San Bruno Blvd 

(C) CITY: South San Francisco 

(D) STATE: California . 
15 -(E) COUNTRY: USA 

■(F) ZIP: 94080 



(v) COMPUTER READABLE FORM * 

(A) MEDIUM TYPE : 3.5 inch, 1.44 -Mb floppy disk 

(B) COMPUTER: IBM PC compatible ■ 

(C) OPERATING SYSTEM: PC- DOS /MS-DOS 

(D) SOFTWARE: WinPatin (Genentech) 
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(A) APPLICATION NUMBER: 

(B) FILING DATE: 

25 (C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 08/615902 

(B) FILING DATE: 14-MAR-96 

(vii) PRIOR APPLICATION DATA: 
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(viii) ATTORNEY /AGENT INFORMATION: 

(A) NAME: Torchia, PhD. , Timothy E 
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J!> . < C > REFERENCE / DOCKET NUMBER : - P0996P1PCT 

(ix) TELECOMMUNICATION INFORMATION - 

(A) TELEPHONE: 415/225-8674 

(B) TELEFAX: 415/952-9861 
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(2) INFORMATION FOR SEQ ID NO : 1 : 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2378 base pairs 
<B) TYPE: Nucleic Acid 
45 ( C ) STRANDEDNESS : Double 

(D) TOPOLOGY: Linear 

<xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 : 
TTCTATCGAT TGAATTCCCC GGGGATCCTC TAGAGATCCC TCGACCTCGA 50 
CCCACGCGTC CGCCGGGCGG CGGCTTTGGA TTTTGGGGGG GCGGGGACCA 100 
GCTGCGCGGC GGCACC ATG TTC CTA GCC ACT CTG TAC TTC 140 
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Me 

1 5 



Met Phe Leu Ala Thr Leu Ty 




GCG CTG CCA CTC CTG GAT TTG CTG ATG TCC GCC GAG GTG 179 
Ala Leu Pro Leu Leu Asp Leu Leu Met Ser Ala Glu Val 
10 15 20 

AGT GGT GGA GAC CGT CTG GAC TGT GTG AAA GCC AGC GAT 218 
Ser Giy Gly Asp Arg Leu Asp Cys Val Lys Ala Ser Asp 
25 30 

CAG TGC CTG AAG GAA CAG AGC TGC AGC ACC AAG TAC CGC 2 57 
Gin Cys Leu Lys Glu Gin Ser Cys Ser Thr Lys Tyr Arg 
35 40 45 

ACA CTA AGG CAG TGC GTG GCG GGC AAG GAA ACC AAC TTC 2 96 
Thr Leu Arg Gin Cys Val Ala Gly Lys Glu Thr Asn Phe 
50 55 60 

AGC CTG ACA TCC GGC CTT GAG GCC AAG GAT GAG TGC CGT 335 
Ser Leu Thr Ser Giy Leu Glu Ala Lys Asp Glu Cys Arg 
65 70 

AGC GCC ATG GAG GCC TTG AAG CAG AAG TCT CTG TAC AAC 374 
Ser Ala Met Glu Ala Leu Lys Gin Lys Ser Leu Tyr Asn 
75 ' 80 8 5 

TGC CGC TGC AAG CGG GGC ATG AAG AAA GAG AAG AAT TGT 4 13 
Cys Arg Cys Lys Arg Gly Met Lys Lys Glu Lys Asn Cys 
90 95 

CTG CGT ATC TAC TGG AGC ATG TAC CAG AGC CTG CAG GGA 4 52 
Leu Arg He Tyr Trp Ser Met Tyr Gin Ser Leu Gin Gly 
100 105 " 110 ' 

AAT GAC CTC CTG GAA GAT TCC CCG TAT GAG CCG GTT AAC 4 91 
Asn Asp Leu Leu Glu Asp Ser Pro Tyr Glu Pro Val Asn 
115 120 125 

AGC AGG TTG TCA GAT ATA TTC CGG GCA GTC CCG TTC ATA 5 30 
Ser Arg Leu Ser Asp He Phe Arg Ala Val Pro Phe He 
130 135 

TCA GAT GTT TTC CAG CAA GTG GAA CAC ATT TCC AAA GGG 569 
Ser Asp Val Phe Gin Gin Val Glu His Tie Ser Lys Giv 
140 145 150 

AAC AAC TGC CTG GAC GCA GCC AAG GCC TGC AAC CTG GAC 608 
Asn Asn Cys Leu Asp Ala Ala Lys Ala Cys Asn Leu Asp 
155 i 6 o 

GAC ACC TGT AAG AAG TAC AGG TCG GCC TAC ATC ACC CCC 64 7 
Asp Thr Cys Lys Lys Tyr Arg Ser Ala Tyr He Thr Pro 
i65 170 175 

TGC ACC ACC AGC ATG TCC AAC GAG GTC TGC AAC CGC CGT 68 6 
Cys Thr Thr Ser -Met Ser Asn Glu Val Cys Asn Arg Aro 
180 185 i 9 5 

AAG TGC CAC AAG GCC CTC AGG CAG TTC TTC GAC AAG GTT 72 5 
Lys Cys His Lys Ala Leu Ara Gin Phe Phe Asp Lys Val 
195 200 

CCG GCC AAG CAC .AGC TAC GGG ATG CTC TTC TGC TCC TGC 7 64 
Pro Ala Lys His Ser Tyr Gly Met Leu Phe Cys Ser Cys 
205 210 - 215 
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CGG GAC ATC ™TGC ACC GAG CGG CGG CGA CAG SwaTC 80 3 

Arg Asp Iie A l a Cys Thr Glu Arg Arg Arg Gl n T^TlH 



225 



10 



20 



25 



35 



40 



50 



SI? P^ C v T ? J GC TCC TAT GAA GAA CGA - GAG *GG CCC AAP 84 2 
Val Pro val Cys Ser Tyr Glu Glu Arg Glu Arg Pro Jin 

■ 240 

TGC CTG -ACT CTG CAA GAC TCC TGC AAG ACC AAT TAT ATC 88 1 
Cys Leu Ser Leu Gin Asp Ser Cys Lys Thr Asn Tyr ??« 

245 250 2 ll 

TGC AG A TCT CGC CTT GCA GAT TTT TTT ACC AAC T~r rnr Q ,„ 
Cys Arg Ser Arg Leu Ala Asp Phe Phe fhr £ys Gin 

260 265 

Pro C^ T A l CT GTC AGC ** C TGT CTT ^ GAG AAC 95 9 

Pro Glu Ser Arg Ser Val Ser Asn Cys Leu Lys Glu Asn 



15 270 



280 



TAC GCA GAC TGC CTC CTG GCC TAC TCG GGA CTG ATt GGr 9Q fl 
Tyr Ala Asp Cys Leu Leu Ala Tyr Ser Gly £S ^ " 8 

285 • 290 • 

ACA GTC ATG ACT CCC AAC TAC GTA GAC TCC AGC ACC CTr ,„„ 
Thr Val Met Thr Pro Asn Tyr Val Asp Ser Ser Ser Zlu 1037 

300 305 - 

AGC GTG GCA CCA TGG TGT GAC TGC AGC AAC AGC GGC AAT 107fi 
Ser Val Ala Pro Trp Cys Asp Cys Ser Asn Ser-Gly ° " 

310 3 15 • 320 . 

GAC CTG GAA GAC TGC TTG. AAA TTT CTG AAT TTT TTT AAG MIS 
Asp Leu Glu Asp Cys Leu Lys Phe Leu Asn III P he Lys 



325 



330 



GAC AAT ACT TGT CTC AAA AAT GCA ATT CAA GCC TTT CCC 

30 ^ ^ ASn Aia 116 G ^ aS III Gly 

340 



3'4 5 



AAT GGC TCA GAT GTG ACC ATG TGG CAG CCA GCC CCT CCA 1193 
Asn Gly Ser Asp Val Thr Met Trp Gin Pro Ala Pro Pro 



355 



GTC CAG ACC ACC ACT GCC ACC ACT ACC ACT GCC T-C CGG 1?V 
Val Gin Thr Thr Thr Ala Thr . Thr Thr Thr A^a Phe Arg ^ 

365 370 

GTC AAG AAC AAG CCT CTG GGG CCA GCA GGG TCT GAG AAT 177! 
Val Lys Asn Ly S - Pro Leu Gly Pro Ala Gly Ser Glu JJJ 
375 380 385 

GAG ATC CCC ACA CAC GTT TTA CCA CCC TGT GCG AAT TTG 1310 
Glu lie Pro Thr His Val Leu Pro Pro Cys Sa JJ„ lIu 
390 3 95 

Gin A C ll Gin W 1°° GTG TCG GGT AGC ACA ^ 

*s wo y ys s t r Asn VaI Ser G1 y Ser ™r 

405 410 

CAC CTC TGT CTT TCT GAT AGT GAT TTC GGA AAG GAT GGT HflR 
H iS Leu Cys Leu Ser. Asp Ser Asp Phe Gly L^s ts p Gly ^ 
415 420 



Su SI r? T A?° AGC CAC ATA ACC ACA *AA TCA ATG 14 27 

Leu Aia Gly Ala Ser Ser H 1S He Thr Thr Lys Ser Met • 
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425 



GCT GCT CCT CCC AGC TGC AGT CTG AGC TCA CTG CCG GTG 14 66 
Aia Ala Pro Ser Cys Set Leu Ser Ser Leu Pro Val 

<40 445 450 

5 CTG ATG. CTC ACC GCC CTT GCT GCC CTG TTA TCT GTA TCG 1505 
Leu Met Leu Thr Ala Leu Ala Ala Leu Leu Ser Val Ser ' 

460 

TTG GCA GAA ACG TCG TAGCTGCATC CGGGAAAACA GTATGAAAAG 1550 
Leu Ala Glu Thr Ser 
10 465 468 

ACAAAAGAGA ACCAAGTATT CTGTCCCTGT CCTCTTGTAT ATCTGAAAAT 1600 

CCAGTTTTAA AAGCTCCGTT GAGAAGCAGT TTCACCCAAC " TGGAACTCTT 165 0 

TCCTTGTTTT TAAGAAAGCT TGTGGCCCTC AGGGGCTTCT GTTGAAGAAC 17 00 

TGCTACAGGG CTAATTCCAA ACCCATAAGG CTCTGGGGCG TGGTGCGGCT 17 50 

15 TAAGGGGACC ATTTGCACCA TGTAAAGCAA GCTGGGCTTA TCATGTGTTT 18 00 

GATGGTGAGG ATGGTAGTGG TGATGATGAT GGTAATTTTA ACAGCTTGAA 18 50 

CCCTGTTCTC TCTACTGGTT AGGAACAGGA GATACTATTG ATAAAGATTC 1900 

TTCCATGTCT TACTCAGCAG CATTGCCTTC TGAAGACAGG CCCGCAGCCT 1950 

AGTGTGAATG ACAAGTGGAG GTTGGCCTCA AGAGTGGACT TGGCAGACTC 2000 

20 TACCTTGTAG TAATGTTCAC CTTTCCGTGT ATGGTCTCCA CAGAGTGTTT 2050 

ATGTATTTAC AGACTGTTCT GTGATCCCCC AACAACAACA ACCACAAATT 2100 

CCTTGGTCAC CTCCAAATGT AACCGGTCCT TTAGCCCAGT AGAGGAGGGT 2150 

GGGTGTGGCC CTGGCACAGC TCCCGGATTG TTGATGGGCA CTCTCCTGAG 2 2 00 

CTTTGCTTGA GTGAGAAGCT GAATGTAGCT GAAAATCAAC TCTTCTTACA 2 2 50 

25 CTTAAAAAAA AAAAAAAAAA AAAAAAAAAA AAAAAAAAAA AAAAAAAAAA 2 300 

AAAAAAAAAA AAAAGGTTTA GGGATAACAG GGTAATGCGG CCGCGTCGAC 2350 

CTGCAGAAGC TTGGCCGCCA TGGCCCAA 2 37 8 

(2) INFORMATION FOR SEQ I D NO : 2 : 

<i) SEQUENCE CHARACTERISTICS: 
30 (A) LENGTH: 468 amino acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(ix) FEATURE: 

* < A > NAME/KEY: Extracellular Domain 

35 (B) LOCATION: 25 

(C) IDENTIFICATION METHOD: 

(D) OTHER INFORMATION: 



(ix) FEATURE: 

(A) NAME/KEY: Mature Protein N-terminal 

(B) LOCATION: 25-427 

(C) IDENTIFICATION METHOD: 

(D) OTHER INFORMATION: 
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(ix) FEATURE :^^ 

™ 2SK?E; 3 P :r ncial «"=->■<»:•»«> sic. 

(C) IDENTIFICATION METHOD': 
(0} OTHER INFORMATION: 

(ix) FEATURE: 

(C) IDENTIFICATION METHOD * 
fD) OTHER INFORMATION: 

(ix) FEATURE: 

■ IS! SgiSl. ST*"" 1 Sit. 
< c > IDENTIFICATION METHOD • 
15 <D) OTHER INFORMATION: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2 : 

Met Phe Leu Ala Thr Leu T y r Phe Ala Leu Pro Leu Leu Aso Leu 

"10 

Leu Met S.r Ala Glu Val Ser Gl y Gly Asp Arg Leu Asp Cys v!l 

25 30 
Lys Ala Ser Asp Gin Cys Leu Lys Glu Gin Ssr Cys Ser Thr Lys 



20 



40 



45' 



Tyr Arg Thr Leu Arg Gin Cys Val Ala Gly Lys Glu Thr Asn Phe 

DU 55 



25 



60 

Ser Le.u Thr Ser Gly Leu Glu Ala Lys Asp 

65 ™ 75 



30 



35 



40 



Glu Cys Arg Ser Ala 

Met Glu Ala Leu Lys Gin Lys Ser Leu Tyr Asn Cys Arg Cys Lys 

85 90 
Arg Gly Met Lys L y S Glu Lys Asn Cys Leu ^ g ^ ' 

95 100 105 

Met Tyr- Gin Ser Leu Gin Gly Asn Asp Leu Leu Glu Asp Ser Pro 

115 - 120 

Tyr Glu Pro Val Asn Ser Arg Leu . Ser Asp He Phe Arg Ala va i 

iJU 135 
Pro Phe lie Ser Asp Val Phe Gin Gin Val Glu His lie Ser Lys 

145 . 150 
Cly Asn Asn Cys Leu Asp Ala Ala Lys Ala Cys Asn Leu Asp Asp 

160 165 
Thr Cya_Lys Lys Tyr. Arg Ser Ala Tyr He Thr Pro Cys Thr Thr 



175 



.18 0 

Ser Met Ser Asn Glu Val Cys Asn Arg Arg Lys Cys His 



.-^.v.j,o rt£ 9 "rg Lys Cys His Lys Ala 

190 195 



Leu Arg Gin Phe Phe Asp Lys Val Pro Ala Lys His Ser Tyr Cl y 

45 Met Leu Phe Cys Ser Cys Arg Asp lie Al 

215 22 

Arg Gin Thr lie Val Pro Val Cys Ser Tyr Glu Glu 



205 210 

215 - - — Cys Thr Glu Arg Arg 

220 225 



Arg Glu Arg 
78- 
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235 24 0 

Pro Asn Cys Leu Ser Leu Gin Asp Ser Cys 'Lys Thr Asn Tyr lie 
245 - 250 255 

Cys Arq Ser Arg Leu Ala Asp Phe Phe Thr Asn Cys Gin Pro Glu 
260 265 270 

Ser Arg Ser Val Ser Asn Cys Leu Lys Glu Asn Tyr Ala Asp Cys 
275 280 285 

Leu Leu Ala Tyr Ser Gly Leu He Gly Thr Val Met Thr Pro Asn 
290 295 300 

Tyr Val Asp Ser Ser Ser Leu Ser Val Ala Pro Trp Cys Asp Cys 
305 310 315 

Ser Asn Ser Gly Asn Asp Leu Glu Aso Cys Leu Lys Phe Leu Asr 
320 325 330 

Phe Phe Lys Asp Asn Thr Cys Leu Lys Asn Ala He Gin Ala Phe 

335 340 . 345 . 

Gly Asn Gly Ser Asp Val Thr Met Trp Gin Pro Ala Pro Pro Val 
350 355 3 6 o 

Gin Thr Thr Thr Ala Thr Thr Thr Thr Ala Phe Arg Val Lys Asn 
365 370 375 

Lys Pro Leu Gly Pro Ala Gly Ser Glu Asn Glu He Pro Thr His 
380 385 390 

Val Leu Pro Pro Cys Ala Asn Leu Gin Ala Gin Lys Leu Lys Se- 
39 $ - 400 4b5 

Asn Val Ser Gly Ser Thr His Leu Cys Leu Ser Asp Ser Asp Phe 

415 420 

Gly Lys Asp Gly Leu Ala Gly Ala Ser Ser His He Thr Thr Lys 
425 430 435 

Ser Met Ala Ala Pro Pro Ser Cys Ser Leu Ser Ser Leu Pro Val 
440 445 450 

Leu Met Leu Thr Ala Leu Ala Ala Leu Leu Ser Val Ser Leu Ala 
455 460 465 

Glu Thr Ser ' 
468 

(2) INFORMATION FOR SEQ ID NO : 3 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: Amino Acid 
/ (D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

His Gin Asn Leu Ser Asp Gly Ly^ 
1 5 8 . 

(2) INFORMATION FOR SEQ ID NO : 4 : 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 8 amino acids 
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IB) TYE^^Amino Acid 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4:' 

His Gin Asn lie Ser Asp Gly Lys 
■ 5 8 

(2) INFORMATION FOR SEQ ID NO: 5: 

(x) SEQUENCE CHARACTERISTICS- " 

(A) LENGTH: 7 amino acids 

(B) TYPE : Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:5: 

His Gin Ser Leu Gly Thr Gin 
1 . 5 7 

(2) INFORMATION FOR SEQ ID NO : 6 : 

(i) SEQUENCE CHARACTERISTICS • 

(A) LENGTH: 8 amino acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
Val lie ser Ser His Leu Gly Gin ■ 

5 8 ' 

(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 11 amino acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7 : 

Pro Lys Asn Ser Ser Met He Ser Asn Thr Pro 

5 10 .11 

30 (2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS • 

(A) LENGTH: 418 base pairs 

(B) TYPE: Nucleic Acid 
„ (C » STRANDEDNESS : Single 
" < D > TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
CCGGCACTGA ATCTAGGAAG GAGCCCAGGA TGAGCGGCAG GTTGGGTCGG 50 

' AACTGAACCC CTAAAAGCGG GTCCGCCTCC CGCCCTCGCG CCCGCTCGGA 100 ' 
GCTGAGTCCC TGGCGGCGGT GGGCGGCAGA GCAACGGGGA GTCTGCTCTC 1.50 
ACCCTGGATG GAGCTTAACT TTGAGTGGCC AGAGGAGCGC AGTCGCCCGG 200 
CGATCTCTGC. ACGCTGAGCT CTCTCCGCGA GATCCGGTGG CGGCTTTGGA 250 " 
TTTTGGGGGG GCGGGGACCA GCTGCGCGGT GGCACCATGT TCCTAGCCAC 300 
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TCTGTACTTC GTCC^^AC TCCTGGATTT GCTGATGTCG GCCOTTOTGA 350 

GTGGTGGGGA CCGCCTGGAC TGTGTGAAAG CCAGTGATCA GTGCCTGAAG 4 CO 
GAACAGAGCT GCAGCACC 418 
(2) INFORMATION FOR SEQ ID NO : 9 : 

(ii SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 840 base oairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 9 : 
CGCCGCAAGT GCCACAAAGC CCTCAGGCAG TTCTTCGACA AAGTTCCAGC 50 
CAAGCACAGC TACGGGATGC TCTTCTGCTC CTGCCGGGAC GTCGCCTGCA 100 
CCGAGAGGCG GCGACAGACT ATCGTCCCTG TGTGCTCCTA TGAAGAACGA 150 
GAGAGGCCCA ACTGCCTGAA TCTGCAAGAC TCCTGCAAGA CAAATTACAT 200 
CTGCAGATCT CGCCTTGCAG ATTTTTTTAC CAACTGCCAG CCAGAGTCAA 250, 
GGTCTGTCAG CAACTGTCTT AAGGAGAACT ACGCAGACTG CCTCCTGGCC 300 
TACTCGGGAC TGATTGGCAC AGTCATGACT CCTAACTACA TAGACTCCAG 350 
CAGCCTCAGT GTGGCGCCGT GGTGCGATTG CAGCAACAGT GGCAATGACC 4 00 
TGGAAGATTG CCTGAAGTTT CTGAATTTTT TTAAGGACAA TACGTGTCTC 4 50 
AAAAATGCAA TTCAAGCCTT TGGCAATGGC TCGGATGTGA CCATGTGGCA 500 
GCCAGCCCCC CCAGTCCAGA CCACCACTGC CACGACTACC ACTGCCTTCC 550 
GGATCAAGAA CAAGCCTCTA GGGCCAGCAG GCTCTGAGAA TGAGATTCCC 600 
ACACACGTTT TACCACCGTG TGCTAATTTG CAGGCACAGA AGCTGAAATC 650 
CAATGTATCG GGCAGTACAC ATCTCTGTCT TTCTGATAAT GATTACGGAA 7 00 
AGGATGGTCT CGCTGGTGCC TCCAGCCACA TAACCACAAA ATCAATGGCT 7 50 
GCTCCTCCCA GCTGCGGTCT GAGCTCACTG" CCGGTGATGG TGTTCACCGC 800 
TCTGGCTGCC CTGTTGTCTG TATCATTGGC AGAAACATCG 84 0 
(2) INFORMATION FOR SEQ ID NC:10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 351 base pairs 

(B) TYPE: -Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

AGGGAATTTG GCCCTCGAGG AAGGAGATTC GGCACGAGGC CAAGAGCAAC 50 

CATTGCCTGG ATGCTGCCAA GGCCTGCAAC CTGAATGACA ACTGCAAGAA 100 

GCTGCGCTCC TCCTACATCT CCATCTGCAA CCGCGAGATC TCGCCCACCG 150 
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AGCGCTGCAA CC«CAAG TGCCACAAGG CCCTGCGCCA gSRtCGAC 200 

CGGGTGCCCA GCGAGTACAC CTACCGCATG CTCTTCTGCT CCTGCCAAGA 250 
• TCAGGCGTGC CCTGAGCNCG CGGNCAAAAC CATCCTGCCC AGCTGCTCCT 300 
ATCAGGACAA GGAGAAGCCC AACTGCNTGG ACNTGCGTGG CGTGTGCCGG 350 
5 A 35 1 

(2) INFORMATION FOR SEQ ID NO : 1 1 : 

(i) SEQUENCE CHARACTERISTICS • 
(A) LENGTH: 453 base pairs 
lft (B » Ty PE: Nucleic Acid 

10 CO STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 
GCAACCATTG CCTGGATGCT GCCAAGGCCT GCAACCTGAA TGACAACTGC 50 
AAGAAGCTGC GCTCCTCCTA CATCTCCATC TGCAACCGCG AGATCTCGCC 100 
CACCGAGCGC TGCAACCGCG GCAAGTGCCA CAAGGCCCTG CGCCAGTTCT 150 
TCGACCGGGT GCCCAGCGAG TACACCTACC GCATGCTCTT CTGCTCCTGC 200 
CAAGACCAGG CGTGCGCTGA GCGCGCGGGC AAAACCATCC TGCCCAGCTG 250 
CTCCTATGAG GACAAGGAGA AGCCCAACTG CCTGGACCTG. CGTGGCGTGT 300 
GCCGGACTGA CCACCTGTGT CGGTCCCGGC TNGCCGACTT TCCATGCCAA 350 
TTTGTTCGAG CCTTCCTACC AGACGGGTCA CCAGGCTGCC CTNGCGGACA 4 00 
ATTTACCAGG GCGTGTCTTG GGGTCTTNAT GTTGGCATGA TTGGGTTTGA 4 50 
CAT 4 53 

(2) INFORMATION FOR SEQ ID NO: 12: ' 

(i) SEQUENCE CHARACTERISTICS ■ 

(A) LENGTH: 201 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY:. Linear ' 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12 : 

GCAACCATTG CCTGGATGCT GCCAAGGCCT GCAACCTGAA TGACAACTGC 50 
AAGAAGCTGC GCTCCTCCTA CATCTCCATC TGCAACCGCG AGATCTCGCC 100 
CACC /,GCGC TGCAACCGCG GCAAGTGCCA CAAGGCCCTG CGCCAGTTCT 150 
TCGACCGGGT GCCCAGCGAG TACACCTACC GCATGCTCTT CTGCTCCTGC 200 
C 201 
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WHAT IS CLAIMED 

I A polypeptide comprising a sequence selected from the group consisting of: 

(a) a GDNFRct extracellular domain amino acid sequence; 

(b) an allelic variant or mammalian homolog of (a); 

5 < c > a sequence encoded by nucleic acid which hybridizes under stringent 

conditions to a nucleic acid encoding (a) or (b); and 
(d) a sequence derived from (a) or (b) by substitution, deletion, or addition 
of one or several amino acids in the amino acid sequence of (a) or (b). 

2. The polypeptide of Claim 1, comprising the amino acid sequence of GDNFRct ECD from 
10 SEQIDNO:2. 

3. The polypeptide of Claim 2, comprising the amino acid sequence of mature GDNFRct from 
SEQIDNO:2. 

4. The polypeptide of claim 3, which specifically binds GDNF. 

5. The polypeptide of claim 4, which is conjugated with, or fused to. a molecule which increases 
1 5 the serum half-life thereof. 

6. The polypeptide of claim 1 that is soluble GDNFRct. 

7. A composition comprising the polypeptide of claim I and a physiologically acceptable 

carrier. 

8. The polypeptide of claim 1 that is chimeric GDNFRct. 

20 9 " ^ chimeric GDNFRct of claim 8, comprising a GDNFRct amino acid sequence fused to 

an immunoglobulin sequence. 

10. The chimeric GDNFRct of claim 8. comprising a GDNFRct amino acid sequence fused to 
an epitope tag sequence. 

11- A method for identifying a molecule which binds to the GDNFRct, comprising exposing the 
25 GDNFRct to the molecule suspected of binding thereto and determining binding of the molecule to the 
GDNFRct. 

12. The method of claim 11, wherein the GDNFRot is soluble GDNFRct. 

13. A method for identifying a molecule which activates GDNFRct, comprising exposing the 
GDNFRct to a molecule suspected of being capable of activating GDNFRct and measuring activation of 

30 GDNFRct. 

14. A method for purifying a molecule which binds to GDNFRct, comprising adsorbing the 
molecule to GDNFRct immobilized on a solid phase and recovering the molecule from the immobilized 
GDNFRct. 

15. The method of claim 14 wherein the GDNFRct is chimeric GDNFRa, comprising a fusion 
35 of a GDNFRa extracellular domain sequence to an immunoglobulin constant domain sequence. 

16. An antibody that specifically binds to GDNFRa of claim 1 

17. The antibody of claim 16, which is a monoclonal antibody. 

1 8. A composition comprising the antibody of claim 1 7 and a physiologically acceptable carrier. 
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19. TheWnpositionofc.aim . 8 farther comprising a cWL or a neurotrophic factor 

20. A method for activating GDNFRoc, comprising exposing GDNFRa to an amount of an 

agomstannbodyofCaim^whichiseffectiveforactivatingGDNFRa. 

2 L A method for modulatlng a physio|ogjcal response of a cej( fo GDNp 

the ce„ w„h an amount of a GDNFRa effective for modu.ating the response of the cel. ,o GDNF 

22. A method for determimng the presence of GDNFRa, comprising exposing a tes, sample 
u pec e of coning the GDNFRa to the ant.hody of claim , 6 and determining h.nding of sa.d antioo v 
to the test sample, 

A nucleic acid molecule comprising a nucleic acid sequence encoding GDNFRa of claim 



23. 



24. The nucleic acid molecule of c. a ,m 23. mrther comprising a promoter operab.y linked to the 

ml** 



nucleic acid molecule. 

25. 

BCD. 

26. 
GDNFRa. 

27 



The nucleic acid moJecule of claim 23, wherein the nucleic acid sequence encodes GDNFRa 
7*e nucleic acid molecule of claim 23, wherein the nucleic acid sequence encodes chimeric 



27. Anexpression vector comprising the nucle.c acid molecule of cla.m 23 operably .inked to 
control sequences recognized by a host cell transformed with the vector. 

28. A host cell comprising the vector of claim 25. 

0 GDNFRa^ * ""'^ ^ 

GDNFR 30 A PrOCCSS ^ USin8 3 nUC ' eiC m ° ,eCU,e enC ° ding ° DNFRa <° Paction of 

GDNFR a comprising cu.turing the host cel. of claim 28 under conditions al.owing express.on of GDNFRa 

culture Thepr ° CeSSOfC,aim30 ^ from the host cell 

GDNFR , A n ° n " hUrnan ' tranS8eniC anima ' WhiCh C °" tainS Cd,S th3t CXpresS nucle ' c -id encodin- 
GDNFRa polypeptide. " 

33. A non-human, knockout animal which contains cells having an altered GDNFRa gene 

treat™ T V A "'^ ° f ^ ^ ^ e, Uprising ad m i„is t en„ g ,o a patien, in need of 
treatment a therapeutically effective amount of GDNF or GDNF agonist. 

35. The method of claim 34, wherein the GDNF is human GDNF. 

36. ^ e meth 0 dofclaim34.rurther C ornprisingadministrati 0 „ofGDNFRa 
The method of claim 34, wherein the kidney disease is associated with glomerulonephritis 

to a oat , A meth0d ° f ° eating " CmeriC " erVOUS SyStem - related diso ^ comprising administers 
pat,ent ,n need of such treatment a therapeutica.ly effective amount of GDNF or GDNF agonis, " 

39. The method of claim 38, wherein the GDNF is human GDNF. 

40. The method of claim 38. further comprising administration of GDNFRa. 



37. 
38. 
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1/ H 

TTCTATCGAT TGAATTCCCC GGGGATCCTC TAGAGATCCC TCGACCTCGA 50 

CCCACGCGTC CGCCGGGCGG CGGCTTTGGA TTTTGGGGGG GCGGGGACCA 100 

GCTGCGCGGC GGCACC ATG TTC CTA GCC ACT CTG TAC TTC 140 

Met Phe Leu Ala Thr Leu Tyr Phe 
1 5 

GCG CTG CCA CTC CTG GAT TTG CTG ATG TCC GCC GAG GTG 179 
Ala Leu Pro Leu Leu Asp Leu Leu Met Ser Ala Glu Val 
10 15 20 

AGT GGT GGA GAC CGT CTG GAC TGT GTG AAA GCC AGC GAT 218 
Ser Gly Gly Asp Arg Leu Asp Cys Val Lys Ala Ser Asp 
25 30 

CAG TGC CTG AAG GAA CAG AGC TGC AGC ACC AAG TAC CGC 257 
Gin Cys Leu Lys Glu Gin Ser Cys Ser Thr Lys Tyr Arg 
35 40 45 

ACA CTA AGG CAG TGC GTG GCG GGC AAG GAA ACC AAC TTC 296 
Thr Leu Arg Gin Cys Val Ala Gly Lys Glu Thr Asn Phe 
50 . 55 60 

AGC CTG ACA TCC GGC CTT GAG GCC AAG GAT GAG TGC CGT 335 
Ser Leu Thr Ser Gly Leu Glu Ala Lys Asp Glu Cys Arg 

65 70 

AGC GCC ATG GAG GCC TTG AAG CAG AAG TCT CTG TAC AAC . 374 

Ser Ala Met Glu Ala Leu Lys Gin Lys Ser Leu Tyr Asn 
75 80 85 

TGC CGC TGC AAG CGG GGC ATG AAG AAA GAG AAG AAT TGT 413 
Cys Arg Cys Lys Arg Gly Met Lys Lys Glu Lys Asn Cys 
90 95 

CTG CGT ATC TAC TGG AGC ATG TAC CAG AGC CTG CAG GGA 452 
Leu Arg lie Tyr Trp Ser Met Tyr Gin Ser Leu Gin Gly 
100 105 no 

AAT GAC CTC CTG GAA GAT TCC CCG TAT GAG CCG GTT AAC 491 
Asn Asp Leu Leu Glu Asp Ser Pro Tyr Glu Pro Val Asn 
115 120 125 
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2/H 

AGC AGG TTG TCA GAT ATA TTC CGG GCA GTC CCG TTC ATA 
Ser Arg Leu Ser Asp H e Phe Arg Ala Val Pro Phe lU 

130 135 
TCA GAT GTT TTC CAG CAA GTG GAA CAC ATT TCr aaa ^ 

s er Asp vax Phe cm Gln val olu £ s c ^ ^ « 

145 150 

AAC AAC TGC CTG GAC GCA GCC AAG GCC TGC AAC CTG GAP 
Asn Asn Cys Leu Asp Ala Ala Lys Ala Cys A^n £u Asp 

160 

GAC ACC TGT AAG AAG TAC AGG TCG GCC TAC ATC ACC CCC 
Asp Thr Cys Lys Lys Tvr Arc c; OT - R1 * C ACC CCC 64 7 

165 ,Xn 9 Ala ^ Ile Thr Pro 



170 1?s 



£ E S E Met £ £ Glu £ ^ E S S 



185 190 



195 200 



Pro ^ AGC TAC GGG ATG CTC TTC TGC TCC TGC 

Pro Ala Lys Hxs Ser Tyr Gly Met Leu Pne C^s Ser C^ 



210 215 



225 



™ P^ VaT^s sTr £r ^ ^ CCC ™ 

230 75 ^ TT r G1U Glu Ar 9 Glu Arg Pro Asn 



235 240 



250 255 



260 265 
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803 
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TGC CTG AGT CTG CAA GAC TCC Trr aa^ ™ 

cy* Leu ^ Leu 01n Asp J« £ c £ - ^ 
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3/U 

CCA GAG TCA AGG TCT GTC AGC AAC TGT CTT AAG GAG AAC 959 
Pro Glu Ser Arg Ser Val Ser Asn Cys Leu Lys Glu Asn 
2? 0 275 280 

TAC GCA GAC TGC CTC CTG GCC TAC TCG GGA CTG ATT GGC 999 
Tyr Ala Asp Cys Leu Leu Ala Tyr Ser Gly Leu lie Gly 
285 290 

ACA GTC ATG ACT CCC AAC TAC GTA GAC TCC AGC AGC CTC 1037 
Thr Val Met Thr Pro Asn Tyr Val Asp Ser Ser Ser Leu 
295 300 305 

AGC GTG GCA CCA TGG TGT GAC TGC AGC AAC AGC GGC AAT 1076 
Ser Val Ala Pro Trp Cys Asp Cys Ser Asn Ser Gly Asn 
310 315 320 

GAC CTG GAA GAC TGC TTG AAA TTT CTG AAT TTT TTT AAG 1115 
Asp Leu Glu Asp Cys Leu Lys Phe Leu Asn Phe Phe Lys 

325 330 . 



GAC AAT ACT TGT CTC AAA AAT GCA ATT CAA GCC TTT GGC 
Asp Asn Thr Cys Leu Lys Asri Ala He Gin Ala Phe Gly 
335 340 345 



GTC AAG AAC AAG CCT CTG GGG CCA GCA GGG TCT GAG AAT 
Val Lys Asn Lys Pro Leu Gly Pro Ala Gly Ser Glu Asn 
375 380 385 

GAG ATC CCC ACA CAC GTT TTA CCA CCC TGT GCG AAT TTG 
Glu He Pro Thr Hie Val Leu Pro Pro Cys Ala Asn Leu 

390 395 

CAG GCT CAG AAG CTG AAA TCC AAT GTG TCG GGT AGC ACA 
Gin Ala Gin Lys Leu Lys Ser Asn Val Ser Gly Ser Thr 
400 405 410 

FIG. 1C 
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AAT GGC TCA GAT GTG ACC ATG TGG CAG CCA GCC CCT CCA 1193 
Asn Gly Ser Asp Val Thr Met Trp Gin Pro Ala Pro Pro 
350 355 

GTC CAG ACC ACC ACT GCC ACC ACT ACC ACT GCC TTC CGG 1232 
Val Gin Thr Thr Thr Ala Thr Thr Thr Thr Ala Phe Arg 
360 365 370 
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SI I CT GAT AGT ' G " TO «» ** G ^ 

His Leu Cys Leu ser Asp Ser Asp Phe Gly Ly s Asp Gly 

420 



Su a" 2£ aS f C MC " A ACC ACA «* ATG 

Leu Ala Gly Ala Ser Ser His . lie Th r Thr Lys Ser Met 



430 435 



ACAAAAGAGA ACCAAGTATT CTGTCCCTGT CCTCTTGTAT ATCTGAAAAT 
CCAGTTTTAA AAGCTCCGTT GAGAAGCAGT TTCACCCAAC TGGAACTCTT 
TCCTTGTTTT TAAGAAAGCT TGTGGCCCTC AGGGGCTTCT GTTGAAGAAC 
TCCTACAGGG CTAATTCCAA ACCCATAAGG CTCTCGGGCG TCGTGCGGCT 
TAAGGGGACC ATTTGCACCA TGTAAAGCAA GCTGGGCTTA TCATGTGTTT 
GATGGTGAGG ATGGTAGTGG TGATGATGAT GGTAATTTTA ACAGCTTGAA 
CCCTGTTCTC TCTACTGGTT AGGAACAGGA GATACTATTG ATAAAGATTC 
TTCCATGTCT TACTCAGCAG CATTGCCTTC TGAAGACAGG CCCGCAGCCT 
AGTGTGAATG ACAAGTGGAG GTTGGCCTCA AGAGTGGACT TGGCAGACTC 
TACC^TAG TAATGTTCAC CTITCCG^T ATGGTCTCCA CAGAGTGTTT 
ATGTATTTAC AGACTGTTCT GTGATCCCCC AACAACAACA ACCACAAATT 
CCTTGGTCAC CTCCAAATGT AACCGGTCCT TTAGCCCAGT AGAGGAGGGT 
GGGTGTGGCC CTGGCACAGC TCCCGGATTG TTGATGGGCA CTCTCCTGAG 

FIG 1D 
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445 450 

CTG ATG CTC ACC GCC CTT GCT GCC CTG TTA TCT r-rn *nn 
Leu Met Leu Thr Ala Leu Ala Ala r In r I A TCG 1505 

a ^eu Aj.a Ala Leu Leu Ser Val Ser 

- 5 460 

£ a" G^ tS ler TAGCTGCATC CGGGAAAACA GTATGAAAAG 
46 5 468 
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CTTTGCTTGA GTGAGAAGCT 
CTTAAAAAAA AAAAAAAAAA 
AAAAAAAAAA AAAAGGTTTA 
CTGCAGAAGC TTGGCCGCCA 



GAATGTAGCT GAAAATCAAC 
AAAAAAAAAA AAAAAAAAAA 
GGGATAACAG GGTAATGCGG 
TGGCCCAA 

FIG. IE 
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